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Dear Mr. Johnson, Ms. Nelson, and Mr. Wells: 

This letter is in response to Ms. Nelson's June 4, 1998 memo regarding the "Monitoring Well 
Installation and Sampling Plan" for the Eagle Zinc property. Ms. Nelson's comments were provided 
to us by James Richardson of the EPA in a letter dated July 9, 1998. The following are GBI's 
responses. The item numbers correlate to Ms. Nelson's comments. 

1. The Agency states more than five monitoring wells are required to adequately determine 
direction of ground water flow and for adequate chemical monitoring. The EPA requested five more 
monitoring wells be installed in this phase of the work, resulting in a total of ten wells. The locations 
of the wells recommended by the EPA are shown in the attached Figure 1. 

GBI acknowledges EPA's concerns that five wells cannot adequately determine the direction 
of ground water flow at a site of this size. Based on the size of this site and its topography, ground 
water flow direction is suspected to be variable locally. A high ground water table is also expected 
to be present, therefore, it may not be possible to place the monitoring well screens so that they 
intercept the ground water table surface. As a result, accurate elevation measurements of the ground 
water table surface may not be able to be taken in all the wells. The primary objective of the work plan 
was to monitor the chemical concentrations in ground water at areas that are downgradient from the 
residue and where ground water is expected to be flowing offsite. Emphasis was given to the south 
side of the property because of the vicinity to the residue, and based on topography and site 
observations, ground water near the residue is expected to be flowing offsite to the south in this area. 

Based on descriptions in Ms. Nelson's June 4, 1998 memo, the locations of the monitoring 
wells EPA recommended are shown on the attached Figure 1. As recommended by the EPA, Eagle 
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Zinc agrees to install a monitoring well (identified on Figure 1 as monitoring well A) southwest of the 
intermittent stream between monitoring wells MWl and MW2. This well will not be a replacement 
for the alternate upgradient well location to MWl (in the northeast comer of the site) proposed in the 
work plan, as is suggested in the lEPA's letter. Eagle Zinc also agrees to install the monitoring well 
(monitoring well B on Figure 1) that lEPA recommended on the south side of the property east of 
MW4 on Figure 1. 

We consider that at this time, three additional monitoring wells recommended by the lEPA on 
the west side of the property are unlikely to lead to significant additional information. The lEPA 
stated: "If the ground water flows northeast, many of the units where hazardous samples were 
collected in Areas 3 and 4 could go largely unmonitored with the current well configuration. The 
areas west of Areas 3 and 4 must also be monitored." A topographic low runs fi'om the southwest 
comer of the property (at the pond) toward the northeast to about the center of the property. This is 
clearly evident on the topographic map and can also be seen on aerial photographs. An intermittent 
drainage way in this topographic low is also visible onsite. Based on the topography, the monitoring 
wells (monitoring wells C and D on Figure 1) the lEPA recommended along the west side of the 
property are upgradient to the site and Areas 3 and 4 (see Figure 2). The topography suggests ground: 
water near Areas 3 and 4 would flow to the surface pond at the southwest comer of the site. The 
monitoring well (monitoring well E on Figure 1) the lEPA recommended west of MWl is also in an 
upgradient location. Therefore, the three additional wells the lEPA recommended to be installed 
along the west side of the property would result in four upgradient monitoring wells, which is 
excessive. Eagle Zinc agrees to install one monitoring well along the west side of the property 
boundary in an area east of the end of Brailey Street. The proposed wells will not be installed in 
swampy or boggy areas (See Figure 3). These are not preferred locations and access and drilling in 
these types of environments would be problematic for the drill rig. As the lEPA indicated in a later 
point in Item 19, the plan is a preliminary step. If soil or ground water results firom the eight 
monitoring wells (as proposed in this modified plan and as shown in Figure 3) indicate additional 
monitoring wells are required, their locations and numbers will be discussed. 

2. The lEPA "Cross-section of a Typical Monitoring Well" will be considered for the well 
construction. In addition to the well construction details that are discussed in the work plan, this will 
include the use of vented caps and a maximum of 6 inches of very fine sand above the sand pack. Well 
completion reports for the monitoring wells will also be completed. A typical GBI well completion 
report is attached. 

3. The concrete sur&ce seals will be sloped away firom the casing to allow for the drainage of 
surface water away firom the wells. 

4. The monitoring wells will be named using the four digit code the lEPA requested. Monitoring 
well MWl will be named GlOl, monitoring well MW2 will be named G102, and so on. 

5. Pre-hydrated bentonite will be used in the unsaturated zone. 

6. GBI proposed a minimum of a 1 foot bentonite seal for the construction of the monitoring 
wells because a high ground water table is suspected. A one-foot seal would allow an additional foot 
for the placement of the well screen to intercept the ground water table surface. If the Agency prefers, 
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two feet of bentonite seal will be used. However, if the ground water surface in a well is less than 
approximately 4 Vi feet below ground surface (allowing for 2 feet bentonite, 1 foot sand pack, Vi foot 
fine sand, and 1 foot cement seal), the true elevation of the ground water table will not be able to be 
measured. 

7. The monitoring wells will not be developed until a minimum of 48 hours after the monitoring 
well installation work has been completed. 

8. All monitoring wells will be fitted with a vented cap. 

9. The drummed water produced fi'om developing and purging the monitoring wells will be 
blended with feedstock material which is used by Eagle Zinc in their zinc oxide production process. 
The feedstock material has an acceptable moisture range of 5% to 10%, and the water will be easily 
absorbed into the feedstock material at those levels. 

10. Based on past and current land use and practices, there is no reason to believe the organic or 
all of the inorganic parameters listed in 35 HI. Admin. Code 620 are present. Rather than sample for 
those compounds which are not expected to be found, we propose to expand the list of parameters 
originally proposed (from cadmium, zinc, and lead) to include the toxicity characteristic RCRA metals 
(arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver) plus zinc, sulfates, TDS, 
and pK In review of your comment and based on past data, we consider this expanded list to be 
appropriate for the site. 

11. The monitoring wells will be purged slowly and not to dryness. 

12. USEPA Method 200.8 for dissolved elements specifies samples are to be filtered in the field 
or as soon thereafter as practically possible. Because of the proximity of the site to GBI offices and 
the laboratory, the samples can be delivered to the laboratory for filtration and the filtrate acid 
preserved within 24 hours of sample collection. Filtering and acidifying the samples within a 
controlled laboratory setting will avoid hazards of transport of acid and use of strong acids in the field, 
and will provide better control and data than field methods. This methodology is consistent with 
Sample Collection, Preservation, and Storage described in Method 200.8. 

13. The ground water samples will be placed in a cooler with ice or a blue-ice pack immediately 
upon collection for preservation of the samples to 4°C. If the samples are not able to be delivered to 
the laboratory at the end of the sampling day, the samples will be transferred to a refrigerator, and 
returned to a cooler with ice or blue-ice when delivered to the laboratory. 

14. The analytical method USEPA Method 200.8 proposed in the plan is an SW-846 method 
(Method 6020). Prairie Analytical Systems has described this as the best method for the analysis of 
metals. It uses an inductively coupled plasma mass spectrometer for elemental analysis, has low 
reporting levels, and allows for speciation of isotopes. A copy of Method 6020 from SW-846 is 
provided, and a copy of the USEPA manual for the method is also provided (without pages 32 through 
57 which consist of various tables). The analytical method and the Practical Quantitation Limits for 
the parameters to be analyzed are also provided in an attached list. 
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15. Decontamination of the drilling equipment will occur on a concrete pad located near the zinc 
oxide operations near the center of the plant This concrete pad is used to store feedstock for the zinc 
oxide production. The pad is approximately 70 x 100 feet, and is surrounded by a concrete wall 
except for two cut-out areas that provide for vehicle drive through. The cuttings and water will be 
recycled as described above in Item 9. 

16. Ground water at the site is presently considered to be Class H, based on our current 
understanding of the regulations and ground water conditions. Because the defining criteria to 
distinguish between Class I and Class n are ground water depth and yield, we will measure depth to 
ground water ^d conduct permeameter or slug tests, in accordance with 35 lAC 620.210, to confirm 
classification of groundwater. 

17. The Illinois State Geological Survey and The Illinois State Water Survey will be contacted to 
determine the presence and locations of any private wells within 200 feet of the site, to determine if 
there are any setback zones near the site. 

18. The ground water analytical data will be compared to both Class I and Class n groundwater ' 
standards. A report will be prepared and provided to the lEPA The report will describe the 
procedures and methodologies of the work, summarize the soil and ground water analytical results in 
tabular format, provide the ground water elevation measurements, and provide a discussion of the data 
and any conclusions or recommendations that can be made. 

19. We agree that the purpose of the plan was for the installation of monitoring wells and 
evaluation of ground water and it was not meant to address further actions. When the results are 
known, appropriate actions will be proposed. 

20. The lEPA's Springfield Region will be notified at least two weeks in advance of any drilling, 
monitoring well installation, or ground water sampling. Because the lEPA did not have any comments 
on the residue portion of the work plan (Section 4.0), that work will proceed as proposed. As modified, 
CBI expects the monitoring wells installation work will require two days, the residue sampling will 
take one day, and ground water sampling will take one day. 

Cordially, 
GOODWIN & BROMS, INC. 

Nancy E. Mackiewicz, P.G. 
Project Manager 

NEM:mp I 
Attachments 
cc: Trish Diamond 

LoisKimbol^ 
Joe Freudenberg 
Tom Youngless 
Chris Zeman 
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FIGURE 1: SITE MAP SHOWING lEPA 
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RESIDUE AREAS ARE APPROXIMATE AND ARE 
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SITE PLAN IS BASED ON A PUT PROVIDED BY 
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RR2 = ROTARY RESIDUE TYPE 2 
RCO =• ROTARY CLEAN OUT 
CPH = CARBON PUNT HUTCH 
RRO = ROTARY RESIDUE OVERSIZE 

SCALE IN FEET 

FIGURE 2: PLOT PLAN 

DRAIN BT; SAB DATS: S/31/BB BXVQZD: 

EAGLE ZINC / HILLSBORO, ILLINOIS 

GOODWIN & BROMS, INC. 
C0NSULT1NC CNVIRONUCHTAL CNaNCtRS G6 DIUWWC NUMBK3 

97-246 



LEGEND 
-0- PROPOSED MONITORING WELL LOCATION 

-C|> ALTERNATE LOCATION EOR MW1 

SITE PLAN IS BASED ON A PLAT PROVIDED BY 
HURST-ROSCH ENGINEERS, INC. 

fiOO fiOO 
SCALE IN FEET 

FIGURE 3: SITE MAP SHOWING 
PROPOSED MONITORING WELL LOCATIONS 

DaA¥N BT: BAB lun: S/11/aS nrnasD; 7/u/(a smsxo: 

EAGLE ZINC / HILLSBORO, ILLINOIS 

GOODWIN & BROMS, INC. 
coNauLnNs nvTROMucHrAL CNSINCCM . G6 DBAV1NG HUlffiZH 

97-246 



GBI Well Completion Report Well No: GlOl 
Borehole No: None 

Site Name; 
Site Address: 
Site LPC No.: 

Drilling Contractor: 
Driller: 
Drilling Method: 
Sampling Method: 

Date Completed: 
Geologist: 
Technician: 
Surveyed by: 

Annular Space Details 
Type of Surface Seal: 
Tv-pe of Annular Sealant: . 

No of bags: lbs per bag: 
Installation Method: 

Type of Bentonite Seal; • 
No of bags: lbs per bag: 

Installation Method: 
TvTje of Sand Pack: . 

No of bags: lbs per bag: 
Installation Method: 

Grain size: 

Well Construction 
Materials 

Stainless 
Steel 

PVC Other 

Protective casing 
Riser pipe 
Screen 1 
Coupling joint I 

Measurements (to 0.01 feet) 

Goodwin & Broms, Inc, 
Consulting Environmental Engineers 

Elevations Depths (toO.Olfeet) 
(AMSL) (BGS) 

Top of Protective Casing 
Top of Riser 

Ground Surface 

Top of Annular Seal 

Top of Bentonite Seal 

Top of Sand 

Top of Screen 

Ground water 

Riser pipe length ft. 
Screen/Riser diameter in. 
Screen length (first to last slot) ft. 
Screen slot size in. 
Total casing length in. 
Ground Water Measurement Date 
Depth to ground water ft. 

Bottom of Screen 
Bottom of Borehole 

Springfield, Illinois 62702 



Method of Analysis, Practical Quantitation Limit (PQL), and Regulatory Level 
for Inorganic Parameters to be Analyzed 

Inorganic Parameter Method PQL 
(in mg/L) 

Regulatory 
Level 

(in mg/L) 

Arsenic 200.8 0.001 5.0 

Barium 200.8 0.001. 100.0 

Cadmium 200.8 0.001 1.0 

Chromium 200.8 0.001 5.0 

Lead 200.8 0.001 5.0 

Mercury 200.8 0.0001 0.2 

Selenium 200.8 0.001 1.0 

Silver 200.80 0.001 5.0 

Sulfate' SM4110 0.10 400 

Total Dissolved Solids (TDS)" SM2540C 1.0 1.200 

Zinc' 200.8 0.001 10 

' 35 lAC 742: Appendix B. Table E. Tier 1 Groundwater Remediation Objectives for the 
Groundwater Component of the Groundwater Ingestion Route, Class II Groundwater. 

- 35 lAC 620.420: Groundwater Quality Standards for Class II: General Resource 
Groundwater. 



METHOD 5020 

INDUCTIVELY COUPLED PLASMA • MASS SPFriRnMFTPV 

1.0 SCOPE ANO APPLICATION 

1.1 Inductively coupled plasma-mass spectrometry (ICP-MS) is applicable 
to the determination of sub-pg/L concentrations of a large number of elements in 
water samples and in waste extracts or digests [1.2]. When dissolved 
constituents are required, samples must be filtered and acid-preserved prior to 
analysis. No digestion is required prior to analysis for dissolved elements in 
water samples. Acid digestion prior to filtration and analysis is required for 
groundwater. aqueous samples, industrial wastes, soils, sludges, sediments, and 
other solid wastes for which total (acid-leachable) elements are required. 

1.2 ICP-MS has .been applied to the determination of over 60 elements in 
various matrices. Analytes for which EPA has demonstrated the acceptability of 
Method 6020 in a mu11i -1aboratory study on solid wastes are listed in Table 1. 
Acceptability of the method for an element was based upon the mul ti-.1 aboratory 
performance compared with that of either furnace atomic absorption spectroscopy 
or inductively coupled p1asma-atomic emission spectroscopy. It should be noted 
that the multi-1aboratory study was conducted in 1985. Multi-1aboratory 
performance data for the listed elements (and others) are provided in Section 9. 
Instrument detection limits, sensitivities, and linear ranges will vary with the 
matrices, i nstrumentati on. and operating conditions. In relatively simple 
matrices, detection limits will generally be below 0.02 uS/L. 

1.3 If Method 6020 is used to determine any analyte not listed in Table 
1. it is the responsibility of the analyst to demonstrate the accuracy and 
precision of the Method in the waste to be analyzed. The analyst is always 
required to monitor potential sources of interferences and ta.Le appropriate 
action to ensure data of known quality (see Section 8.4). 

1.4 Use of this method is restricted to spectroscopists who are 
knowledgeable in the recognition and in the correction of spectral, chemical, and 
physical interferences in ICP-MS. 

1.5 An appropriate internal standard is required for each analyte 
determined by ICP-MS. Recommended internal standards are 'Li. '"Sc. "Y. "'Rh. 
'•"In. "'Tb. '"Ho.and "'Bi . The lithium internal standard should have an enriched 
abundance of 'Li . . so that interference from lithium native to the sample is 
minimized. Other elements may need to be used as internal standards when samples 
contain significant amounts of the recommended internal standards. 

2.0 SUMMARY OF METHOD 

2.1 Prior to analysis, samples which require total ("acid-leachable") 
values must be digested using appropriate sample preparation methods (such as 
Methods 3005 - 3051). 

CO-ROM 6020-1 Revision 0 
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2.2 Method 6020 describes the mu11i -e1ementa 1 determination of analytes 
by ICP-MS. The method measures ions produced by a radi o - frequency inductively 
coupled plasma. Analyte species originating in a liquid are nebulized and the 
resulting aerosol transported by argon gas into the plasma torch. The ions 
produced are entrained in the plasma gas and introduced, by means of an 
interface, into a mass spectrometer. The ions produced in the plasma are sorted 
according to their mass-to-charge ratios and quantified with a channel electron 
multiplier. Interferences must be assessed and valid corrections applied or the 
data flagged to indicate problems. Interference correction must include 
compensation for background ions contributed by the plasma gas. reagents, and 
constituents ofthe sample matrix. 

3.0 INTERFERENCES 

3.1 Isobaric elemental interferences in ICP-MS are caused by isotopes of 
different elements forming atomic ions with the same nominal mass-to-charge ratio 
(m/z). A data system must be used to correct for these interferences. This 
involves determining the signal for another isotope of the interfering element 
and subtracting the appropriate signal from the analyte isotope signal. Since 
commercial ICP-MS instruments nominally provide unit resolution at lOX of the 
peak height, very high ion currents at adjacent masses can also contribute to ion 
signals at the mass of interest. Although this type of interference is uncommon, 
it is not easily corrected, and samples exhibiting a significant problem of this 
type could require resolution improvement, matrix separation, or analysis using 
another verified and documented isoptope. or use of another method. 

3.2 Isobaric molecular and doubly-charged ion interferences in ICP-MS are 
caused by ions consisting of more than one atom or charge, respectively. Most 
isobaric interferences that could affect ICP-MS determinations have been 
identified in the literature [3.4]. Examples include ArCI' ions on the''As 
signal and MoO' ions on the cadmium isotopes. While the aooroach used to correct 
for molecular isobaric interferences is demonstrated below using the natural 
isotope abundances from the literature [5]. the most precise coefficients for an 
instrument can be determined from the ratio of the net isotope signals observed 
for a standard solution at a concentration providing suitable (<1 percent) 
counting statistics. Because the ''CI natural abundance of 75.77 percent is 3.13 
times the ''CI abundance of 24.23 percent, the chloride correction for arsenic 
can be calculated (approximately) as follows (where the "Ar''Cl* contribution at 
m/z 75 is a negligible 0.06 percent of the '-Ar'^Cl' signal); 

corrected arsenic signal (using natural isotopes abundances for 
coefficient approximations) = 

(m/z 75 signal) - (3.13) (m/z 77 signal) + (2.73) (m/z 82 signal). 
(where the final term adjusts for any selenium contribution at 77 m/z). 

NOTE: Arsenic values can be biased high by this type of equation when the 
net signal at m/z 82 is caused by ions other than "Se*. (e.g.. ''BrH" from 
bromi ne wastes [6]). 

CD-ROM 6020-2 ' Revision 0 
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-Similarly, 

corrected cadmium signal (using natural isotopes abundances for 
coefficient approximations) = 

(m/z 114 signal) - (0.027)(m/z 118 signal) -(l.o3)(m/z 108 signal), 
(where last 2 terms adjust for any tin or MoO" contributions at m/z 114), 

NOTE': Cadmium values will be biased low by this type of equation when '-ZrO' 
ions contribute at m/z 108. but use of m/z 111 for Cd is even subject to 
direct ("ZrOH") and indirect ( "ZrO ') additive interferences when Zr is 
present, 

NOTE: As for the arsenic equation above, the coefficients in the Cd 
equation are ONLY illustrative. The most appropriate coefficients for an 
instrument can be determined from the ratio of the net isotope signals 
observed for a standard solution at a concentration providing suitable (<1 
percent) counting precision. 

The accur.acv of these tvoes of ecuations is based upon the constancy of the 
OBSERVED isotopic ratios for the interfering species. Corrections that presume 
a constant fraction of a molecular ion relative to the "parent" ion have not been 
found [7] to be reliable, e.g.. oxide levels can vary. If a correction for an 
oxide ion is based upon the ratio of parent-to-oxide ion intensities, the 
correction must be adjusted for the degree of oxide formation by the use of an 
appropriate oxide internal standard previously demonstrated to form a similar 
level of oxide as the interferant. This type of correction has been reported [7] 
for oxide-ion corrections using ThO"/Th' for the determination of rare earth 
elements. The use of aerosol desolvation and/or mixed plasmas have been shown 
to greatly reduce molecular interferences [8], These techniques can be used 
provided that method detection limits, accuracy, and precision requirements for 
analysis of the samples can be met. 

2.3 Physical interferences are associated with the sample nebulization and 
transport processes as well as with ion-transmission efficiencies. Nebulization 
and transport processes can.be affected if a matrix component causes a change in 
surface tension or viscosity. Changes in matrix composition can cause 
significant signal suppression or enhancement [9]. Dissolved solids can deposit 
on the nebulizer tip of a pneumatic nebulizer and on the interface skimmers 
(reducing the orifice size and the instrument performance). Total solid levels 
below 0.2K, (2.000 mg/L) have been currently recommended [10] to minimize solid 
deposition. An internal standard can be used to correct for physical 
interferences, if it is carefully matched to the analyte so that the two elements 
are similarly affected by matrix changes [11]. When the intensity level of an 
internal standard is less than 30 percent or greater than 120 percent of the 
intensity of the first standard used during calibration, the sample must be 
reanalyzed after a fivefold (1+4) or greater dilution has been performed. 

2.4 Memory interferences can occur when there are large concentration 
differences between samples or standards which are analyzed sequentially. Sample 
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deposition on the sampler and skimmer cones, spray chamber design, and the type 
of nebulizer affect the extent of the memory interferences which are observed. 
The rinse period between samples must be long enough to eliminate significant 
memory interference. 

4.0 APPARATUS AND MATERIALS 

4.1 Inductively coupled plasma-mass spectrometer; 

4.1.1 A system capable of providing resolution, better than or 
equal to amu at 10% peak height is required. The system must have a mass 
range from at least 6 to 240 amu and a data system that allows corrections 
for isobaric interferences and the application of the internal standard 
technique. Use of a mass-flow controller for the nebulizer argon and a 
peristaltic pump for the sample solution are recommended. 

4.1.2 Argon gas supply: high-purity grade (99.99%). 

5.0 REAGENTS 

5.1 Acids used in the preparation of standards and for sample processing 
must be of high purity. Redistilled acids are recommended because of the high 
sensitivity of ICP-MS. Nitric acid at less than 2 per cent (v/v) is required for 
ICP-MS.to minimize damage to the interface and to minimize isobaric mo 1ecular-ion 
interferences with the analytes. Many more mo 1 ecu 1ar-ion• interferences are 
observed on the analytes when hydrochloric and sulfuric acids are used [3.4]. 
Concentrations of antimony and silver between 50-500 ug/L require 1% (v/v) HCl 
for stability: for concentrations above 500 ug/L Ag. additional HCl will be 
needed. 

5.2 Reagent water: All references to water in the method refer to reagent 
water unless otherwise specified. Refer to Chapter One for a definition of 
reagent water. 

5.3 Standaird stock solutions may be purchased or prepared from ultra-high 
purity grade chemicals or metals (99.99 or greater purity ). See Method 6010A. 
Section 5.3. for instructions on preparing standard solutions from solids. 

5.3.1 Bismuth internaTstandard solution, stock. 1 ml = lOG pg Bi : 
Dissolve 0.1115 g BijOj in a minimum amount of dilute HNOj . Add 10 ml 
conc. HNOj and dilute to 1.000 ml with reagent water. 

5.3.2 Holmium internal standard solution, stock. 1 ml = 100 pg Ho: 
Dissolve 0.1757 g Ho2(C03)2-5H20 in 10 ml reagent water and 10 ml HNO 3. 
After dissolution is complete, warm the solution to d egas. Add 10 ml 
conc. HNG3 and dilute to 1.000 ml with reagent water. 
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5.3.3 Indium internal standard solution, stock. 1 ml = 100 ug In: 
Dissolve O.IOOO g indium metal in 10 ml conc.- HNOj. Dilute to 1.000 ml 
with reagent water. 

5.3.4 Lithium internal standard solution, stock. 1 ml = 100 ug 'Li; 
Dissolve 0.6312 g 95-atom-:S '-Li. LiXOj in 10 ml of reagent water and 10 ml 
HNO,. After dissolution is complete, warm the solution to degas. .-dd 
10 mL conc. HNOj and dilute to 1.000 mL with reagent water. 

.•5.3.5 Rhodium internal standard solution, stock. 1 mL = 100 ug 
Dissolve 0.3593 g ammonium hexach1ororhodate (III) (NHJjRhClj in 10 mL 
reagent water. Add 100 mL conc. HCl and dilute to 1.000 mL with reagent 
water. 

5.3.6 Scandium internal standard solutioa. stock. 1 mL = 100 uQ Sc; 
Dissolve 0.15343 g SCjOj in 10 mL (1+1) hot HNOj. Add 5 mL conc. HNOj and 
dilute to 1,000 mL with reagent water. 

5.3.7 Terbium internal standard solution, stock. 1 mL = 100 ug Tb: 
Dissolve 0.1828 g Tb,(CGj)j- 5H,D in 10 mL (1 + 1) HNOj. After dissolution fs 
complete, warm the solution to degas. Add 5 mL conc. HNOj and dilute to 
1.000 mL with reagent water. 

5.3.8 Yttrium internal standard solution, stock. 1 mL = 100 u9 Y: 
Dissolve 0.2316 g Y_T(C0J)J-OHjO in 10 mL (1 + 1) HNOj. Add 5 mL conc. HNOjand 
dilute to 1.000 mL with reagent water. 

5.3.9 Titanium solution, stock. 1 mL = 100 uQ Ti; Dissolve 0.4133 g 
(NHjljTiFj in reagent water. Add 2 drops conc. HF and dilute to 1.000 mL 
wi th reagent water. 

5.3.10 Molybdenum solution, stock. 1 mL = 100 ug Mo; Dissolve 
0.2043 g (NHjljMoOj in reagent waten. Dilute to 1.000 mL with reagent 
water. 

5.4 Mixed calibration standard solutions are prepared by diluting the 
stock - standard solutions to levels in the linear range for the instrument in a 
solvent consisting of 1 percent (v/v) HNOj in reagent water. The calibration 
standard solutions must contain a suitable concentration of an appropriate 
internal standard for each analyte. Internal standards may be added on-line at 
the time of analysis using a second channel of the peristaltic pump and an 
appropriate mixing manifold.) Generally, an internal standard should be no more 
than 50 amu removed from the analyte. Recommended internal standards include 
'Li. •'•Sc. "Y. .'='Rh. ".'In. '"Tb.. '"Ho. and 8i . Prior to preparing the mixed 
standards, each stock solution must be analyzed separately to determine possible 
spectral interferences or the presence of impurities. Care must be taken when 
preparing the mixed standards that the elements are compatible and stable. 
Transfer the mixed standard solutions to freshly acid-cleaned FEP fluorocarbon 
bottles for storage. Fresh mixed standards must be prepared as needed with the 
realization that concentrations can change on aging. Calibration standards must 
be initially verified using a quality control standard (see Section 5.7) and 
monitored weekly for stability. 

5.5 Blanks: Three types of blanks are required for the analysis. The 
calibration blank is used in establishing the calibration curve. The 
preparation blank is used to monitor for possible contamination resulzing from 
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the sample preparation procedure. The rinse blank is used to flush the system 
between all samples and standards. 

5.5.1 The ca1ibration bl ank consists of the same concentration(s ) 
of the same acid(s) used to prepare the final dilution of the calibrating 
solutions of the analytes [often 1 percent HNO, (v/v) in reagent water] 
along-.with the selected concentrations of internal standards such that 
there is an appropriate internal standard element for each of the 
analytes. Use of HCl for antimony and silver is cited in Section 5.1 

, 5.5.2 The preparation (or reagent) blank must be carried through 
the complete preparation procedure and contain the same volumes of 
reagents, as the sample solutions. 

5.5.3 The rinse blank consists of 1 -to 2 percent HNOj (v/v) in 
reagent water. Prepare a sufficient quantity to flush the system between 
standards and samples. 

NOTE: The ICS solutions in Table 2 are intended to evaluate 
corrections for known interferences on only the analytes in Table 1. 
If Method 6020 is used to determine an element not listed in Table 
1. it is the responsibility of the analyst to modify the ICS 
solutions, or prepare an alternative ICS solution, to allow adequate 
verification of correction of interferences on the unlisted element 
(see section 8.4). 

5.6 The interference check solution (ICS) is prepared to contain known 
concentrations of interfering elements that will demonstrate the magnitude of 
interferences and provide an adequate test of any corrections. Chloride in the 
ICS provides a means to evaluate software corrections_ for chloride-related 
interferences such as "Cl'-'O *on ''V ' and ""Ar^'Cl " on ''As*. Iron is used to 
demonstrate adeq.uate resolution of the spectrometer for the determination of 
manganese. Molybdenum serves to indicate oxide effects on cadmium isotopes. The 
other components are present to evaluate the ability of the measurement system 
to correct for various molecular-ion isobaric interferences. The ICS is used to 
verify that the interference levels are corrected by the data system within 
quality control limits: 

5.6.1 These solutions must be prepared from ultra-pure reagents. 
They can be obtained commercially or prepared by the following procedure. 

5.6.1.1 Mixed ICS solution I may be prepared by adding 
13.903 g Al (N0j)j-9H,0. 2.498 g CaCO^ (dried at 180 C for 1 h before 
weighing). 1.000 g Fe. 1.658 g MgO. 2.305 g NajCOj. and 1.767 g KjCOj 
to 25 ml of reagent water. Slowly add 40 ml of (l-t-l) HNOj. After 
dissolution is complete, warm the solution to degas. Cool and 
dilute to 1.000 ml with reagent water. 

5.6.1.2 Mixed ICS solution II may be prepared by slowly 
adding 7.444 g 85 % 6.373 g 96% H2S04 . 40 . 0 2 4 g 37% HCl. and 
10.664 g citric acid C50,H, to 100 ml of reagent water. Dilute to 
1.000 ml with reagent water. 

5.6.1.3 Mixed ICS solution III may be prepared by adding 
1.00 ml each of lOO-pg/mL arsenic, cadmium, chromium, cobalt, 
copper, manganese, nickel, silver, and zinc stock solutions to about 
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50 mL reagent water. Add 2.0 ml concentrated HN;Oj. and dilute to 
100.0 ml with reagent water. 

5.6.1.4 Working ICS Solutions 

5.6.1.4.1 ICS-A may be prepared by adding 10.0 ml of 
mixed .ICS solution I (5.7.1.1). 2.0 ml each of 100-ug/mL 
tita^nium stock solution (5.3.9) and molybdenum stock solution 
(5.3.10). and 5.0 ml of mixed ICS solution II (5.7.1.2). 

. Dilute to 100 ml with reagent water. ICS solution A must be 
prepared fresh weekly. 

. 5.6.1.4.2 ICS-AB may be prepared by adding 10.0 ml of 
mixed ICS solution I (5.7.1.1). 2.0 ml•each of 100-ug/mL 
titanium stock solution (5.3.9) and molybdenum stock solution 
(5.3.10). 5.0 ml of mixed ICS solution II (5.7.1.2). and 
2.0 ml of.Mixed ICS solution III (5.7.1.3). Dilute to 100 ml 
with reagent water. Although the ICS solution AB must be 
prepared fresh weekly, the analyst should be aware that the 
solution may precipitate silver more quickly. 

5.7 The quality control standard is the initial calibration verification 
solution (ICV). which must be prepared in the same acid matrix as the calibration 
standards. This solution must be an independent standard near the midpoint of 
the linear range at a concentration other than that used for instrument 
calibration. An independent standard is defined as a standard composed of the 
analytes from a source different from those used in the standards for instrument 
calibration. 

5.8 Mass spectrometer tuning solution. A solution containing elements 
representing all of the mass regions of interest (for example. 10 ug/L of Li. Co. 
In. and T1 ) must be prepared to verify that the resolution and mass calibration 
of the instrument are within the required specifications (see Section 7.5). This 
solution is also used to verify that the instrument has reached thermal stability 
(See Sect ion 7.4). 

6.0 SAMPLE COLLECTION. PRESERVATION. AND HANDLING 

6.1 Sample collection procedures should address the considerations 
described in Chapter Nine of this Manual. 

6.2 See the introductory material in Chapter Three. Inorganic Analytes. 
Sections 3.1.3 for information on sample handling and preservation. Only 
polyethylene or fluorocarbon (TFE or PFA) containers are recommended for use in 
Method 6020. 

7.0 PROCEDURE 

7.1 Solubilization and digestion procedures are presented in the Sample 
Preparation Methods (e.g.. Methods 3005 - 3051). 

7.2 Initiate appropriate operating configuration of the instruments 
computer according to the instrument manufacturer's instructions. 

7.3 Set up the instrument with the proper operating parameters according 
to the instrument manufacturer's instructions. 
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7.4 Operating conditions: The analyst should follow the instructions 
provided by the instrument manufacturer. Allow at least 30 minutes for the 
instrument to equilibrate before analyzing any samples. This must be verified 
by analyzing a tuning solution (Section 5.8) at least four times with relative 
standard deviations of < 5Z for the analytes contained in the tuning solution. 

• NOTE: Precautions must be taken to protect the channel electron 
multiplier from high ion currents. The channel electron multiplier 
suffers from fatigue after being exposed to high ion currents. This 
fatigue can last from several seconds to hours depending on the 
extent of exposure. During this time period, response factors are 
constantly changing, which invalidates the ca1ibration. curve. causes 
instability, and invalidates sample analyses. 

7.5 Conduct mass calibration and resolution checks in the mass regions of 
interest. The mass calibration and resolution parameters are required criteria 
which must be met prior to any samples being analyzed. !f the mass calibration 
differs more than 0.1 amu from the true value, then the mass calibration must be 
adjusted to the correct value. The resolution must also be verified to be.less 
than 0.9 amu full width at 10 percent peak height. 

7.5 Calibrate the instrument for the analytes of interest (recommended 
isotopes for the analytes in Table 1 are provided in Table 3). using the 
calibration blank and at least a single initial calibration standard according 
to the instrument manufacturer's procedure. Flush the system with the rinse 
blank (5.5.3) between each standard solution. Use the average of at leastthree 
integrations for both calibration and sample analyses. 

7.7 All masses which could affect data quality should be monitored to 
determine potential effects from matrix components on the analyte peaks. The 
recommended isotopes to be monitored are liste in Table 3. 

7.8 Immediately' after the calibration has been established, the 
calibration must be verified, and documented for every analyte by the analysis of 
the calibration verification solution (Section 5.7). When measurements exceed 
± 10* of the accepted value, the analyses must be terminated, the problem 
corrected, the instrument recalibrated, and the new calibration verified. Any 
samples analyzed under an out-of-control calibration must be reanalyzed. During 
the course of an analytical run. the instrument may be "resloped" or recalibrated 
to correct for instrument drift. A recalibration must then be followed 
immediately by a new analysis of a CCV and CCB before any further samples may be 
analyzed. 

7.9 Flush the system with the rinse blank solution (5.5.3) until the 
signal levels return to the method's levels of quantitation (usually about 30 
seconds) before the analysis of each sample (see Section 7.7). Nebulize each 
sample until a steady-state signal is achieved (usually about 30 seconds) prior 
to collecting data. Analyze the calibration verification solution (Section 5.6) 
and the calibration blank (Section 5.5.1) at a frequency of at least once every 
10 analytical samples. F1ow-injection systems may be used as long as they can 
meet the performance criteria of this method. 

7.10 Dilute and reanalyze samples that are more concentrated than the 
linear range for an analyte (or species needed for a correction) or measure an 
alternate 1ess - abundant isotope. The linearity at the alternate mass must be 
confirmed by appropriate calibration (see Sec. 7.5 and 7.8). 
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7.11 Calculations: The quantitative values shall be reported in 
appropriate units, such as micrograms per liter (pg/L) for aqueous samples and 
milligrams per .kilogram (mg/kg) for solid samples. If dilutions were performed, 
the appropriate corrections must be applied to the sample values. 

7.11.1 If appropriate, or required, calculate results for solids on 
a dry-weight basis as follows: 

(1). A separate determination of percent solids must be 
performed. 

(2) The concentrations determined in the dig.est are to be 
reported on the basis of the. dry weight of the sample. 

Concentration (dry wei ght) (mg/kg ) = 
Ui X S 

Where. 

C = Digest Concentration (mg/L) 
V =-Fi"nal volume in liters after sample preparation 
W = Weight in kg of wet sample 

S Solids 
100 

Calculations should include appropriate interference corrections (see 
Section 3.2 for examples), internal-standard normalization, and the 

summation of signals at 205. 207. and 208 m/z for lead (to compensate for any 
differences in the abundances of these isotopes between samples and standards). 

8.0 QUALITY CONTROL 

8.1 All quality control data should be maintained and be available for 
easy reference or inspection. 

8.2 Instrument Detection Limits (IDLs) in ug/L can be estimated by 
calculating the average of the standard deviations of the three runs on three 
non-consecutive days from the analysis of a reagent blank solution with seven 
consecutive measurements per day. Each measurement must be performed as though 
it were a separate analytical sample (i.e.. each measurement must be followed by 
a rinse and/or any other procedure normally performed between the analysis of 
separate samples). IDLs must be determined at least every three months and kept 
with the instrument log book. Refer to Chapter One for additional guidance. 

8.3 The intensities of all internal standards must be monitored for every 
analysis. When the intensity of any internal standard fails to fall between 30 
and 120 percent of the intensity of that internal standard in the initial 
calibration standard, the following procedure is followed. The sample must be 
diluted fivefold (1+4) and reanalyzed with the addition of appropriate amounts 
of internal standards. This procedure must be repeated until the internal-
standard intensities fall within the prescribed window. The intensity levels of 
the internal standards for the calibration blank (Section 5.5.1) and instrument 
check standard (Section 5.6) must agree within ± 20 percent of the intensity 
level of the internal standard of the original calibration solution. If they do 
not agree, terminate the analysis,, correct the problem, recalibrate, verify the 
new calibration, and reanalyze the affected samples. 
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8.4 To obtain analyte data of known quality, it is necessary to measure 
more than the analytes of interest in order to apply corrections or to determine 
whether interference corrections are necessary. If the concentrations of 
interference sources (such as C. CI. Mo. Zr. W) are such that, at the correction 
factor, the analyte is less than the limit of quantification and the 
concentration of interferents are insignificant, then the data may go 
uncorrected. Note that monitoring the interference sources does not necessarily 
require monitoring the interferant itself, but that a molecular species may be 
monitored to indicate the presence of the interferent. When correcttion 
equations are used, all QC criteria must also be met. Extensive QC for 
interference corrections are required at all times. The monitored masses must 
include those elements whose hydrogen, oxygen, hydroxyl. chlorine, nitrogen, 
carbon and sulfur molecular ions could impact the analytes of interest. 
Unsuspected interferences may be detected by adding pure major matrix components 
to a sample to' observe any impact on the analyte signals. When an interference 
source is present, the sample elements impacted must be flagged to indicate (a) 
the percentage interference correction applied to the data or (b) an uncorrected 
interference by virtue of the elementa 1 equation used for quantitation. The 
isotope proportions for an element or molecu 1ar-ion cluster provide information 
useful for quality assurance. 

NOTE: .Only isobaric elemental, molecular, and doubly charged interference 
corrections which use the observed isotopic-response ratios or parent-td-
oxide ratios (provided an oxide internal standard is used as described in 
Section 3.2) for each instrument system are acceptable corrections for use 
in Method 6020. 

8.5 Dilution Test: If the analyte concentration is within ihe. linear 
dynamic range of the instrument and sufficiently high (minimally, a factor of at 
least 100 times greater than the concentration in the reagent blank, refer to 
Section 5.5.2). an analysis of a fivefold (1-^4) dilution must agree within ± IQ% 
of the original determination. If not. an interference effect must be suspected. 
One dilution test must be included for each twenty samples (or less) of each 
matrix in a batch. 

8.6 Post-Di gesti on Spike .Addition: An analyte spike added to a portion 
of a prepared sample, or its dilution, should be recovered to within 75 to 125 
percent of the known value or within the laboratory derived acceptance criteria. 
The spike a:ddition should be based on the indigenous concentration of each 
element of interest in the sample. If the spike is not recovered within the 
specified limits, the sample must be diluted and reanalyzed to compensate for the 
matrix effect. Results must agree to within 10? of the original determination. 
The use of a standard-addition analysis procedure may also be used to compensate 
for this effect (Refer to Method 7000). 

8.7 A Laboratory Control Sample (ICS) should be analyzed for each analyte 
using the same sample preparations, analytical methods and QA/QC procedures 
employed for the test samples. One ICS should be prepared and analyzed for each 
sample batch at a frequency of one ICS for each 20 samples or less. 

8.8 Check the i nstrument calibration by analyzing appropriate quality 
control solutions as follows: 

8.8.1 Check i nstrument calibration using a calibration blank 
(Section 5.5.1) and the initial calibration verification solution 
(Secti ons 5.7 and 7.9). 
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8.8.2 Verify calibration at a frequency of every lo analytical 
samples with the instrument check standard (Section 5.6) and the 
calibration blank (Section 5.5.1). These solutions must also be analyzed 
for each analyte at the beginning of the analysis and after the last 
sample. 

8.8.3 The results of the initial calibration verification solution 
and the instrument check sta^ndard must agree within ±10:): of the expected 
value. If not. terminate the analysis, correct the prob1 em.""and 
recalibrate the instrument. Any sample analyzed under an out-of-control 
calibration must be reanalyzed . 

8.8.4 The results of the calibration blank must be less than 3 
times the current IDL for each element. If this is not the case, the 
reason for the out-of-control condition must Be found, and corrected, and 
affected samples must be reanalyzed. If the laboratory consistently has 
concentrations greater than 3 times the IDL. the IDL may be indicative of 
an estimated IDL and should be re-eva1uated . 

8.9 Verify the magnitude of elemental and molecular-ion isobaric 
interferences and tlie adequacy of any corrections at the beginning of a.n 
analytical run or once every 12 hours, whichever is more frequent. Do this by 
analyzing the interference check solutions A and A3. The analyst should be aware 
that precipi tation.from solution AB may occur with some elements, specifically 
silver. Refer to Section 3.0 for a discussion on intereferences and potential 
solutions to those intereferences if additional guidance is needed. 

8.10 Analyze one duplicate sample for every matrix in a batch at a 
frequency of one matrix duplicate for every 20 samples. 

8.10.1 The relative percent difference (R.°0) between duplicate 
determinations must be calculated as follows; 

ID.. - Dj 1 
RPD = X 100 

(D; + D,)/2 

where: 

RPD = relative percent difference. 
D; = first sample value. 
D, = second sample value (duplicate) 

A control limit of 20% RPD should not be exceeded for analyte values 
greater than 100 times the instrumental detection limit. If this limit is 
exceeded, the reason for the out-of-control situation must be found and 
corrected, and any samples analyzed during the out-of-control condition 
must be reanalyzed . 

9.0 METHOD PERFORMANCE 

9.1 In an EPA mu1ti-1aboratory study. 10 laboratories applied the 
ICP-MS technique to both aqueous and solid samples. TABLE 4 summarizes the 
method performance data for aqueous samples. Performance data for solid samples 
is provided in TABLE 5. 

10.0 REFERENCES 
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TABLE 1. ELEMENTS APPROVEO FOR ICP-MS DETERMINATION 

Element CAS* # 

'Aluminum 7429-90-5 
Antimony 7440-36-0 
Arsenic 7440-38-2 
Barium 7440-39-3 
Beryllium 7440-41-7 
Cadmi urn 7440-43 - 9 
Chromium 7440-47-3 
Cobalt 7440-48-4 
Copper 7440-50-8 
Lead 7439-92-1 
Manganese. 7439-96-5 
Nickel 7440-02-0 
Silver 7440-22-4 
Tha11i urn 7440 - 28-0 
Zinc 7440-66-6 
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TABLE 2. RECOMMENDED INTERFERENCE CHECK SAMPLE COMPONENTS AND CONCENTRATIONS 

Solution Solution A Solution AB 
component Concentration(mg/L) Concentration (mg/L) 

A1 100.0 100.0 
Ca 100.0 100.0 
Fe 100.0 100.b 
Mg 100.0 100.0 
Na 100.0 100.0 
P 100.0 100.0 
K 100.0 ' 100.0 
S 100.0 100.0 
C 200.0 200.0 
CI 1000.0 1000.0 
Mo 2.0 2.0 
Ti 2.0 2.0 
As 0.0 0.0200 
Cd 0.0 0.0200 
Cr 0.0 0.0200 
Co 0.0 0.0200 
Cu 0.0 0.0200 
Mn 0.0 0.0200 
Ni 0.0 0.0200 
Ag 0.0 0.0200 
Zn 0.0 0.0200 
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TABLE 3. RECOMMENDED ISOTOPES FOR SELECTED ELEMENTS 

Mass Element of interest 

27 A1umi aum 
121. 123 Antimony 
75 Arsenic 
138. 137. 136. 115.. 134 Barium 
£ - Bery111 urn 
209 - Bi smuth (IS) 
114. 112. 111. 110. 113. 116. 106 Cadmium 
42. 43. M. 46. 48 Calcium (I) 
35. 37. (77. 82)' Chlorine (I) 
52.. 51. 50. 54 Chromium 
59 Cobalt 
63. 55 Copper 
165 Holmium (IS) 
115. 113 Indium (IS) 
55. 54. 57. 58 Iron (I) 
139 Lanthanum (I) 
208. 207. 206. 204 Lead 
5i 7 Lithium (IS) 
24. 25. 26 Magnesium (I) 
55 Manganese 
9S. 96. 92. 97. 94. (108)' Molybdenum (I) 
53. 50. 62. 51. 64 Nickiel 
39 Potassium (I) 
103 Rhodium (IS) 
45 Scandium (IS) 
107. 109 Silver 
£1 Sodium (I) 
159 Terbium (IS) 
205. 203 Thallium 
120. Ill Tin (1) 
89 Yttrium (IS) 
64. 66. 68. 67. 70 Zinc 

NOTE: Method 6020 is recommended for only those analytes listed in Table 
1. Other elements are included in this table because they are potential 
interferents (labeled I) in the determination of recommended analytes. or because 
they are commonly used internal standards (labeled IS). Isotopes are listed in 
descending order of natural abundance. The most generally useful isotopes are 
underlined and in boldface, although certain matrices may require the use of 
alternative isotopes. ' These masses are also useful for interference correction 
(Section 3.2). 'Internal standard must be enriched in the'Li isotope. This 
minimizes interference from indigenous lithium. 

CO-ROM 6020-15 Revision 0 
September 1594 



TABLE 4. 
SOLUTIONS 

ICP-MS MULTI-LABORATORY PRECISION AND ACCURACY DATA FOR AQUEOUS 

E1ement 
Comparabi1i ty^ 

Range 
%RSO 
Range 

A1umi num 95 100 11 - 14 14 14 4 
Antimony d 5.0 - 7.6 16 16 3 
Arsenic 97 - 114 7.1 - 48 12 14 4 
Bari urn 91 - 99 4.3 - 9.0 16 16 5 
Beryllium. 103 - 107 8.6 - 14 13 14 3 
Cadmi urn 98 - 102 4.6 -7.2 - 18 20 3 
Calcium 99 - 107 5.7 - 23 17 18 5 
Chromi urn 95 - 105 13 - 27 16 18 4 
Coba 11 101 - 104 8.2 - 8.5 18 18 3 
Copper 85 - 101 6.1 - 27 17 18 5 
Iron 91 •- 900 11 - 150 10 12 5 
Lead 71 - 137 11 - 23 17 18 6 
Magnes i urn 98 - 102 10 15 16 16 5 
Manganese 95 - 101 8.8 - 15 18 18 4 
Nickel 98 - 101 6.1 - 6.7 18 18 2 
Potassi um 101 - 114 9.9 - 19 11 12 5 
Se1 eni um 102 - 107 15 - 25 12 12 3 
Si 1 V e r 104 - 105 5.2 -7.7 13 16 2 
Sodi um 82 - 104 24 - 43 9 10 5 
Tha11i um 88 - 97 9.7 - 12 18 18 3 
Vainadi um 107 - 142 23 - 68 8 13 3 
Zinc 93 - 102 6.8 - 17 16 18 5 

^ Comparability refers to the percent agreement of mean ICP-MS values to those 
of the reference technique. ^ N is the range of the number of ICP-MS 
measurements where the analyte values exceed the limit of quantitation (3.3 times 
the average IDL value). S is the number of samples with results greater 
than the limit of quantitation. No comparability values are provided for 
antimony because of evidence that the reference data is affected by an 
i nterference. 
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TABLE 5. 
.MATRICES 

ICP-MS MULTI-LABORATORY PRECISION AND ACCURACY DATA FOR SOLID 

Element 
Comparabi 11 ty'' 

Range 
;I:RSD 
Range 

A1umi num • 83 - 101 11 - 39 13 - 14 7 
Antimony d 12 - 21 15 - 16 2 
Arsenic 79 - 102 12 - 23 16 - 16 7 
Barium 100 - 102 4.3 - 17 - 15 - 16 7 
Bery11i um 50 - 87 19 - 34 12 - 14 5 
Cadmi um 93 - 100 6.2 - 25 . 19 - 20 5 
Calcium 95 - 109 4.1 - 27 15 - 17 7 
Chromi um 77 - 98 11 - 32 17 - 18 7 
Coba1t 43 - 102 15 - 30 17 - 18 6 
Copper 90 - 109 9.0 - 25 18 - 18 7 
Iron 87 •- 99 • 5.7 - 21 12 - 12 7 
Lead 90 - 104 5.9 - 28 15 - 18 7 
Magnes i um 89 - 111 7.6 - 37 15 - 16 7 
Manganese 80 - 108 11 - 40 16 - 18 7 
Nic.i:el 87 - 117 9.2 - 29 15 - 13 7 
Pota s s i um 97 - 137 11 - 62 10 - 12 5 
Selenium 81 39 12 1 
Silver 43 - 112 12 - 33 15 - 15 3 
Sodium 100 - 145 14 - 7 7 8 - 10 5 
Thallium 91 33 18 1 
Vanadium 83 - 147 20 - 70 6 - 14 7 
Zi nc 84 •- 124 14 - 42 • 13 - 18 7 

" Comparability refers to the percent agreement of mean ICP-MS values to those 
of the reference technique. ® N is the range of the number of ICP-MS 
measurements where the analyte values e.xceed the limit of quantitation (3.3 
times the average IDL value). S is the number of samples with results 
greater than the limit of quantitation. No comparability values are 
provided for antimony because of evidence that the reference data is affected 
by an interference. 
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METHOD 6020 
INDUCTIVELY COUPLED PLASMA - MASS SPECTROMETRY 
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DETERMINATION OF TRACE ELEMENTS IN WATERS AND WASTES 
BY INDUCTIVELY COUPLED PLASMA - MASS SPECTROMETRY 

1.0 SCOPE AND APPLICATION 

1.1 This method provides procedures for determination of dissolved elements in 
ground waters, surface waters and drinking water. It may also be used for 
determination of total recoverable element concentrations in these waters as well 
as wastewaters, sludges and soils samples. This method is applicable to the 
following elements: 

Chemical Abstract Services 
Analyte Registry Number (CASRN) 

Aluminum (Al) 7429-90-5 
Antimony (Sb) 7440-36-0 
Arsenic (As) 7440-38-2 
Barium. (Ba) 7440-39-3 
Beryllium (Be) 7440-41-7 
Cadmium (Cd) 7440-43-9 
Chromium (Cr) 7440-47-3 
Cobalt (Co) 7440-48-4 
Copper (Cu) 7440-50-8 
Lead (Pb), 7439-92-1 
Manganese (Mn) 7439-96-5 
Mercury (Hg) 7439-97-6 
Molybdenum (Mo) 7439-98-7 
Nickel (Ni) 7440-02-0 
Selenium (Se) 7782-49-2 
Silver (Ag) 7440-22-4 
Thallium m 7440-28-0 
Thorium (Th) 7440-29-1 
Uranium (U) 7440-61-1 
Vanadium (V) 7440-62-2 
Zinc (Zn) 7440-66-6 

Estimated instrument detection limits (IDLs) for these elements are listed in 
Table 1. These are intended as a guide to instrumental limits typical of a system 
optimized for multielement determinations and employing commercial 
instrumentation and pneumatic nebuiization sample introduction. However, 
actual method detection limits (MDLs) and linear working ranges will be 
dependent on the sample matrix, instrumentation and selected operating 
conditions. Given in Table 7 are typical MDLs for both total recoverable 
determinations by "direct analysis" and where sample digestion is employed. 
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1.2 For reference where this method is approved for use in compliance monitoring 
programs [e.g., Clean Water Act (NPDES) or Safe Drinking Water Act (SDWA)) 
consult both the appropriate sections of the Code of Federal Regulation (40 CFR 
Part 136 Table IB for NPDES, and Part 141 § 141,23 for drinking water), and the 
latest Federal Register announcements. 

1.3 Dissolved elements are determined after suitable filtration and acid preservation. 
In order to reduce potential interferences, dissolved solids should not exceed 
0.2% (vv/v) (Section 4.1.4). 

1.4 With the exception of silver, where this method is approved for the determination 
of certain metal and metalloid contaminants in drinking water, samples may be 
analyzed directly by pneumatic nebulization without acid digestion if the samples 
have been properly preserved with acid and have turbidity of < 1 NTU at the time 
of analysis. This total recoverable determination procedure is referred to as 
"direct analysis", 

1.5 For the determination of total recoverable analytes in aqueous and solid samples 
a digestion/extraction is required prior to analysis when the elements are not in 
solution (e.g.. soils, sludges, sediments and aqueous samples that may contain 
particulate and suspended solids). Aqueous samples containing suspended or 
particulate material >1% (w/v) should be extracted as a solid type sample 
(Section 11.2.2). 

1.6 The total recoverable sample digestion procedure given in this method is not 
suitable for the determination of volatile organo-mercury compounds. However, 
for "direct analysis" of drinking water (turbidity <1 NTU), the combined 
concentrations of inorganic and organo-mercury in solution can be determined by 
"direct analysis" pneumatic nebulization provided gold is added to both samples 
and standards alike to eliminate memory interference effects, 

1.7 Silver is only slightly soluble in the presence of chloride unless there is a 
sufficient chloride concentration to form the soluble chloride complex. Therefore, 
low recoveries of silver may occur in samples, fortified sample matrices and even 
fortified blanks if determined as a dissolved analyte or by "direct analysis" where 
the sample has not been processed using the total recoverable mixed acid 
digestion. For this reason it is recommended that samples be digested prior to 
the determination of silver. The total recoverable sample digestion procedure 
given in this method is suitable for the determination of silver in aqueous samples 
containing concentrations up to 0.1 mg/L. For the analysis of wastewater 
samples containing higher concentrations of silver, succeeding smaller volume, 
well mixed sample aliquots must be prepared until the analysis solution contains 
<0.1 mg/L silver. The extraction of solid samples containing concentrations of 
silver >50 mg/kg should be treated in a similar manner. 

1.8 The total recoverable sample digestion procedure given in this method will 
solubilize and hold in solution only minimal concentrations of barium in the 
presence of free sulfate. For the analysis of barium in samples having varying 
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and unknown concentrations of sulfate, analysis should be completed as soon as 
possible after sample preparation. 

1.9 This method should be used by analysts experienced in the use of inductively 
coupled plasma mass spectrometry (ICP-MS), the interpretation of spectral and 
matrix interferences and procedures for their correction. A minimum of six 
months experience with commercial instrumentation is recommended. 

1.10 Users of the nhethod data should state the data-quality objectives prior to analysis. 
Users of .the method must document and have on file the required initial 
demonstration performance data described in Section 9.2 prior to using the 
method for analysis. 

2.0 SUMMARY OF METHOD 

2.1 An aliquot of a well mixed, homogeneous aqueous or solid sample is accurately 
weighed or measured for sample processing. For total recoverable analysis of a 
solid or an aqueous sample containing undissolved material, analytes are first 
solubilized.by gentle reflirxing with nitric and hydrochloric acids. After cooling, 
the sample is made up to volume, is mixed and centrifuged or allowed to settle 
overnight prior to analysis. For the determination of dissolved analytes in a 
filtered aqueous sample aliquot, or for the "direct analysis" total recoverable 
determination of analytes in drinking water where sample turbidity is <1 NTU, 
the sample is made ready for analysis by the appropriate addition of nitric acid, 
and then diluted to a predetermined volume and mixed before analysis. 

. 2.2 The method describes the multi-element determination of trace elements by ICP-
MS.'"^ Sample material in solution is introduceid by pneumatic nebulization into 
a radiofrequency plasma where energy transfer processes cause desolvation, 
atomization and ionization. The ions are extracted from the plasma through a 
differentially pumped vacuum interface and separated on the basis of their mass-
to-charge ratio by a quadrupole mass spectrometer having a minimum resolution 
capability of 1 amu peak width at 5% peak height. The ions transmitted through 
the quadrupole are detected by an electron multiplier or Faraday detector and the 
ion information processed by a data handling system. Interferences relating to 
the technique (Section 4.0) must be recognized and corrected for. Such corrections 
must include compensation for isobaric elemental interferences and interferences 
from polyatomic ions derived from the plasma gas. reagents or sample matrix. 
Instrumental drift as well as suppressions or enhancements of instrument 
response caused by the sample matrix must be corrected for by the use of internal 
standards. 

3.0 DEFINITIONS 

3.1 Calibration Blank - A volume of reagent water acidified with the same acid 
matrix as in the calibration standards. The calibration blank is a zero standard 
and is used to calibrate the ICP instrument (Section 7.6.1). 
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3.2 Calibration Standard (CAL) - A solution prepared from the dilution of stock 
standard solutions. The CAL solutions are used to calibrate the instrument 
response with respect to analyte concentration (Section 7.4). 

3.3 Dissolved Analyte - The concentration of analyte in an aqueous sample that will 
pass through a 0.45 pm membrane filter assembly prior to sample acidification 
(Section 11.1). 

3.4 Field Reagent Blank (FRB) - An aliquot of reagent water or other blank matrix 
that is placed in a sample container in the laboratory and treated as a sample in 
all respects, including shipment to the sampling site, exposure to the sampling 
site conditions, storage, preservation, and all analytical procedures. The purpose 
of the FRB is to determine if method analytes or other interferences are pre.sent 
in the field environment (Section 8.5). 

3.5 Instrument Detection Limit (IDL) - The concentration equivalent to the analyte 
signal which is equal to three times the standard deviation of a series of 10 
replicate measurements of the calibration blank signal at the selected analytical 
mass(es). (Table 1). 

3.6 Internal Standard - Pure analyte(s) added to a sample, extract, or standard 
solution in known amount(s) and used to measure the relative responses of other 
method analytes that are components of the same sample or solution. The 
internal standard must be an andyte that is not a sample component (Sections 7.5 
and 9.4.5). 

3.7 Laboratory Duplicates (LDl and LD2) - Two aliquots of the same sample taken 
in the laboratory and analyzed separately with identical procedures. Analyses of 
LDl and LD2 indicates precision associated with laboratory procedures, but not 
with sample collection, preservation, or storage procedures. 

3.8 Laboratory Fortified Blank (LFB) - An aliquot of LRB to which known quantities 
of the method analytes are added in the laboratory. The LFB is analyzed e.xactly 
like a sample, and its purpose is to determine whether the methodology is in 
control and whether the laboratory is capable of making accurate and precise 
measurements (Sections 7.9 and 9.3.2). 

3.9 Laboratory Fortified Sample Matrix (LFM) - An aliquot of an environmental 
sample to which known quantities of the method analytes are added in the 
laboratory. The LFM is analyzed exactly like a sample, and its purpose is to 
determine whether the sample matrix contributes bias to the analytical results. 
The background concentrations of the anzilytes in the sample matrix must be 
determined in a separate aliquot and the measured values ip the LFM corrected 
for background concentrations (Section 9.4). 

3.10 Laboratory Reagent Blank (LRB) - An aliquot of reagent water or other blank 
matrices that are treated exactly as a sample including exposure to all glassware, 
equipment, solvents, reagents, and internal standards that are used with other 
samples. The LRB is used to determine if method analytes or other interferences 
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are present in the laboratory environment, reagents, or apparatus (Sections 7.6.2 
and 9.3.1). 

3.11 Linear Dynamic Range (LDR) - The concentration range over which the 
instrument response to an analyte is linear (Section 9.2.2). 

3.12 Method Detection Limit (MDL) - The minimum concentration of an analyte that 
can be identified, measured, and reported with 99% confidence that the analyte 
concentration is greater than zero (Section 9.2.4 and Table 7). 

3.13 Quality Control Sample (QCS) - A solution of method analytes of known 
concentrations which is used to fortify an aliquot of LRB or sample matrix. The 
QCS is obtained from a source external to the laboratory and different from the 
source of calibration standards. It is used to check either laboratory or instrument 
performance (Sections 7.8 and 9.2.3). 

3.14 Solid Sample - For the purpose of this method, a sample taken from material 
classified as either soil, sediment or sludge. 

3.15 Stock Standard Solution - A concentrated solution containing one or more 
method analytes prepared in the laboratory using assayed reference materials or 
purchased from a reputable commercial source (Section 7.3). 

3.16 Total Recoverable Analyte - The concentration of analyte determined either by 
"direct analysis" of an unfiltered acid preserved drinking water sample vvith 
turbidity of <1 NTU (Section 11.2.1), or by analysis of the solution extract of a 
solid sample or an unfiltered aqueous sample following digestion by refluxing 
with hot dilute mineral acid(s) as specified in the method (Sections 11.2 and 11.3). 

3.17 Tuning Solution - A solution which is used to determine acceptable instrument 
performance prior to calibration and sample analyses (Section 7.7). 

3.18 Water Sample - For the purpose of this method, a sample taken from one of the 
following sources: drinking, surface, ground, storm runoff, industrial or domestic 
wastewater. 

4.0 INTERFERENCES 

4.1 Several interference sources may cause inaccuracies in the determination of trace 
elements by ICP-MS. These are: 

4.1.1 Isobaric elemental interferences - Are caused by isotopes of different 
elements which form singly or doubly charged ions of the same nominal 
mass-to-charge ratio and which cannot be resolved by the mass 
spectrometer in use. All elements determined by this method have, at a 
minimum, one isotope free of isobaric elemental interference. Of the 
analytical isotopes recommended for use with this method (Table 4), only 
molybdenum-98 (ruthenium) and selenium-82 (krypton) have isobaric 
elemental interferences. If alternative analytical isotopes having higher 
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natural abundance are selected in order to achieve greater sensitivity, an 
isobaric interference may occur. All data obtained under such conditions 
must be corrected by measuring the signal from another isotope of the 
interfering element and subtracting the appropriate signal ratio from the 
isotope of interest. A record of this correction process should be included 
with the report of the data. It should be noted that such corrections will 
only be as accurate as the accuracy of the isotope ratio used in the 
elemental equation for data calculations. Relevant isotope ratios should 
be established prior to the application of any corrections. 

4.1.2 Abundance sensitivity - Is a property defining the degree to which the 
wings of a mass peak contribute to adjacent masses. The abundance 
sensitivity is affected by ion energy and quadrupole operating pressure. 
Wing overlap interferences may result when a small ion peak is being 
measured adjacent to a large one. The potential for these interferences 
should be recognized and the spectrometer resolution adjusted to 
minimize them. 

4.1.3 Isobaric polyatomic ion interferences - Are caused by ions consisting of 
more than one atom which have, the same nominal mass-to-charge ratio 
as the isotope of interest, and which cannot be resolved by the mass 
spectrometer in use. These ions are commonly formed in the plasma or 
interface system from support gases or sample components. Most of the 
common interferences have been identifled^ and these are listed in TableZ 
together with the method elements affected. Such interferences must be 
recognized, and when they cannot be avoided by the selection of 
alternative analytical isotopes, appropriate corrections must be made to 
the data. Equations for the correction of data should be established at the 
time of the analytical run sequence as the polyatomic ion interferences will 
be highly dependent on the sample matrix and chosen instrument 
conditions. In particular, the common "Kr interference that affects the 
determination of both arsenic and selenium, can be greatly reduced with 
the use of high purity krypton free argon. 

4.1.4 Physical interferences - Are associated with the physical processes which 
govern the transport of sample into the plasma, sample conversion 
processes in the plasma, and the transmission of ions through the plasma-
mass spectrometer interface. These interferences may result in differences 
between instrument responses for the sample and the calibration 
standards. Physical interferences may occur in the transfer of solution to 
the nebulizer (e.g.. viscosity effects), at the point of aerosol formation and 
transport to the plasma (e.g.. surface tension), or during excitation and 
ionization processes within the plasma itself. High levels of dissolved 
solids in the sample may contribute deposits of material on the extraction 
and/or skimmer cones reducing the effective diameter of the orifices and 
therefore ion transmission. Dissolved solids levels not exceeding 
0.2% (w/v) have been recommended^ to reduce such effects. Internal 
standardization may be effectively used to compensate for many physical 
interference effects.'' Internal standards ideally should have similar 
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analytical behavior to the elements being determined. 

4.1.5 Memory interferences - Result when isotopes of elements in a previous 
sample contribute to the signals measured in a new sample. Memory 
effects can result from sample deposition on the sampler and skimmer 
cones, and from the buildup of sample material in the plasma torch and 
spray chamber. The site where these effects occur is dependent on the 
element and can be minimized by flushing the system with a rinse blank 
between samples (Section 7.6.3). The possibility of memory interferences 
should be recognized within an analytical run and suitable rinse times 
should be used to reduce them. The rinse times necessary for a particular 
element should be estimated prior to analysis. This may be achieved by 
aspirating a standard containing elements corresponding to 10 times the 
upper end of the linear range for a normal sample analysis period, 
followed by analysis of the rinse blank at designated intervals. The length 
of time required to reduce analyte signals to within a factor of 10 of the 
method detection limit, should be noted. Memory interferences may also 
be assessed within an analytical run by using a minimum of three 
replicate integrations for data acquisition. If the integrated signal values 
drop consecutively, the analyst should be alerted to the possibility of a 
memory effect, and should examine the analyte concentration in the 
previous sample to identify if this was high. If a memory interference is 
suspected, the sample should be reanalyzed after a long rinse period. In 
the determination of mercury, which suffers from severe memory effects, 
the addition of 100 pg/L gold will effectively rinse 5 pg/L mercury in 
approximately two minutes. Higher concentraPons will require a longer 
rinse time. 

5.0 SAFETY 

5.1 The toxicity or carcinogenicity of reagents used in this method have not been fully 
established'. Each chemical should be regarded as a potential health hazard and 
exposure to these compounds should be as low as reasonably achievable. Each 
laboratory is responsible for maintaining a current awareness file of OSHA 
regulations regarding the safe handling of the chemicals specified in this 
method.'® A reference file of material data handling sheets should also be 
available to all personnel involved in the chemical analysis. Specifically, 
concentrated nitric and hydrochloric acids present various hazards and are 
moderately toxic and extremely irritating to skin and mucus membranes. Use 
these reagents in a fume hood whenever possible and if eye or skin contact 
occurs, flush with large volumes of water. Always wear safety glasses or a shield 
for eye protection, protective clothing and observe proper mixing when working 
with these reagents. 

5.2 The acidification of samples containing reactive materials may result in the release 
of toxic gases, such as cyanides or sulfides. Acidification of samples should be 
done in a fume hood. 

5.3 All personnel handling environmental samples known to contain or to have been 
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in contact with human waste should be immunized against known disease 
causative agents. 

5.4 Analytical plasma sources emit radiofrequency radiation in addition to intense UV 
radiation. Suitable precautions should be taken to protect personnel from such 
hazards. The inductively coupled plasma should only be viewed with proper eye 
protection from UV emissions. 

5.5 It is the responsibility of the user of this method to comply with relevant disposal 
and waste regulations. For guidance see Sections 14.0 and 15.0. 

6.0 EQUIPMENT AND SUPPLIES 

6.1 Inductively coupled plasma mass spectrometer: 

6.1.1 Instrument, capable of scanning the mass range 5-250 amu with a 
minimum resolution capability of 1 amu peak width at 5% peak height. 
Instrument may be fitted with a conventional or extended dynamic range 
detection system. 

Note: If an electron multiplier detector is being used, precautions should 
be taken, where necessary, to prevent exposure to high ion flux. 
Otherwise changes in instrument response or damage to the multiplier 
may result. 

6.1.2 Radio-frequency generator compliant with FCC regulations. 

6.1.3 Argon gas supply - High purity grade (99.99%). When analyses are 
conducted frequently, liquid argon is more economical and requires less 
frequent replacement of tanks than compressed argon in conventional 
cylinders (Section 4.1.3). 

6.1.4 A variable-speed peristaltic pump is required for solution delivery to the 
nebulizer. 

6.1.5 A mass-flow controller on the nebulizer gas supply is required. A water-
cooled spray chamber may be of benefit in reducing some types of 
interferences (e.g.. from polyatomic oxide species). 

6.1.6 If an electron multiplier detector is being used, precautions should be 
taken, where necessary, to prevent exposure to high ion flux. Otherwise 
changes in instrument response or damage to the multiplier may result. 
Samples having high concentrations of elements beyond the linear range 
of the instrument and with isotopes falling within scanning windows 
should be diluted prior to analysis. 

6.2 Analytical balance, with capability to measure to 0.1 mg, for use in weighing 
solids, for preparing standards, and for determining dissolved solids in digests 
or extracts. 
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6.3 A temperature adjustable hot plate capable of maintaining a temperature of SS-C. 

6.4 (Optional) A temperature adjustable block digester capable of maintaining a 
temperature of 95°C and equipped with 250 mL constricted digestion tubes. 

6.5 (Optional) A steel cabinet centrifuge with guard bowl, electric timer and brake. 

6.6 A gravity convection drying oven with thermostatic control capable of 
maintaining 105 O ± 5 "C. 

6.7 . (Optional) An air displacement pipetter capable of delivering volumes ranging 
from 0.1-2500 pL with an assortment of high quality disposable pipet tips. 

6.8 Mortar and pestle, ceramic or nonmetallic material. 

6.9 Polypropylene sieve. 5-mesh (4 mm opening). 

6.10 Labware - For determination of trace levels of elements, contamination and loss 
are of prime consideration. Potential contamination sources include improperly 
cleaned laboratory apparatus and general contamination within the laboratory 
environment from dust. etc. A clean laboratory work area designated for trace 
element sample handling must be used. Sample containers can introduce positive 
and negative errors in the determination of trace elements by (1) contributing 
contaminants through surface desorption or leaching. (2) depleting element 
concentrations through adsorption processes. All reusable labware (glass, quartz, 
polyethylene. PTFE. FEP. etc.) should be sufficiently clean for the task objectives. 
Several procedures found to provide clean labware include soaking overnight and 
thoroughly washing with laboratory-grade detergent and water, rinsing with tap 
water, and soaking for four hours or more in 20% (V/V) nitric acid or a mixture 
of dilute nitric and hydrochloric acid (1-1-2+9). followed by rinsing with reagent 
grade water and storing clean. 

Note: Chromic acid must not be used for cleaning glassware. 

6.10.1 Glassware - Volumetric flasks, graduated cylinders, funnels and centrifuge 
tubes (glass and/or metal free plastic). 

6.10.2 Assorted calibrated pipettes. 

6.10.3 Conical Phillips beakers (Corning 1080-250 or equivalent). 250 mL with 
50 mm watch glasses. 

6.10.4 Griffin beakers, 250 mL with 75 mm watch glasses and (optional) 75 mm 
ribbed watch glasses. 

6.10.5 (Optional) PTFE and/or quartz beakers, 250 mL with PTFE covers. 

6.10.6 Evaporating dishes or high-form crucibles, porcelain. 100 mL capacity. 
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6.10.7 Narrow-mouth storage bottles. FEP (fluorinated ethylene propylene) with 
ETFE (ethylene tetrafluorethylene) screw closure. 125-250 mL capacities. 

6.10.8 One-piece stem FEP wash bottle with screw closure. 125 mL capacity. 

7.0 REAGENTS AND STANDARDS 

7.1 Reagents may contain elemental impurities that might affect the integrity of 
analytical data. Owing to the high sensitivity of ICP-MS. high-purity reagents 
should be used whenever possible. All acids used for this method must be of 
ultra high-purity grade. Suitable acids are available from a number of 
manufacturers or may be prepared by sub-boiling distillation. Nitric acid is 
preferred for ICP-MS in order to minimize polyatomic ion interferences. Several 
polyatomic ion interferences result when hydrochloric acid is used (Table 2). 
however, it should be noted that hydrochloric acid is required to maintain 
stability in solutions containing antimony and silver. When hydrochloric acid is 
used, corrections for the chloride polyatomic ion interferences must be applied to 
all data. 

7.1.1 Nitric acid, concentrated (sp.gr. 1.41). 

7.1.2 Nitric acid (1-rl) - Add 500 mL conc. nitric acid to 400 mL of regent grade 
water and dilute to 1 L. 

7.1.3 Nitric acid (l-i-9) - Add 100 mL conc. nitric acid to 400 mL of reagent 
grade water and dilute to 1 L. 

7.1.4 Hydrochloric acid, concentrated (sp.gr. 1.19). 

7.1.5 Hydrochloric acid (l-i-l) - Add 500 mL conc. hydrochloric acid to 400 mL 
of reagent grade water and dilute to 1 L. 

7.1.6 Hydrochloric acid (1-H4) - Add 200 mL conc. hydrochloric acid to 400 mL 
of reagent grade water and dilute to 1 L. 

7.1.7 Ammonium hydroxide, concentrated (sp.gr. 0.902). 

7.1.8 Tartaric acid (CASRN 87-69-4). 

7.2 Reagent water - All references to reagent grade water in this method refer to 
ASTM Type 1 water (ASTM D1193).' Suitable water may be prepared by passing 
distilled water through a mixed bed of anion and cation exchange resins. 

7.3 Standard Stock Solutions - Stock standards may be purchased from a reputable 
commercial source or prepared from ultra high-purity grade chemicals or metals 
(99.99-99.999% pure). All salts should be dried for one hour at 105"C. unless 
otherwise specified. Stock solutions should be stored in FEP bottles. Replace 
stock standards when succeeding dilutions for preparation of the multielement 
stock standards can not be verified. 
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CAUTION: Many metal salts are extremely toxic if inhaled or swallowed. 
Wash hands thoroughly after handling. 

The following procedures may be used for preparing standard stock solutions: 

Note: Some metals, particularly those which form surface oxides require cleaning 
prior to being weighed. This may be achieved by pickling the surface of the 
metal in acid. An amount in excess of the desired weight should be pickled 
repeatedly, rinsed with water, dried and weighed until the desired weight is 
achieved. 

7.3.1 Aluminum solution, stock 1 mL = 1000 pg Al: Pickle aluminum metal in 
warm (1 + 1) HCI to an e.xact weight of 0.100 g. Dissolve in 10 mL conc. 
HCI and 2 mL conc. nitric acid., heating to effect solution. Continue 
heating until volume is reduced to 4 mL. Cool and add 4 mL reagent 
grade water. Heat until the volume is reduced to 2 mL. Cool and dilute 
to 100 mL with reagent grade water. 

7.3.2 Antimony solution, stock 1 mL = 1000 pg Sb: Dissolve 0.100 g antimony 
powder in 2 mL (1+1) nitric acid and 0.5 mL conc. hydrochloric acid, 
heating to effect solution. Cool, add 20 mL reagent grade water and 
0.15 g tartaric acid. Warm the solution to dissolve the white precipitate. 
Cool and dilute to 100 mL with reagent grade water. 

7.3.3 Arsenic solution, stock 1 mL = 1000 pg As; Dissolve 0.1320 g AS2O3 in a 
mixture of 50 mL reagent grade water and 1 mL conc. ammonium 
hydroxide. Heat gently to dissolve. Cool and acidify the solution with 
2 mL conc. nitric acid. Dilute to 100 mL with reagent grade water. 

7.3.4 Barium solution, stock 1 mL = 1000 pg Ba: Dissolve 0.1437 g BaCOj in a 
solution mixture of 10 mL reagent, grade water and 2 mL conc. nitric acid. 
Heat and stir to effect solution and degassing. Dilute to 100 mL with 
reagent grade water. 

7.3.5 Beryllium solution, stock 1 mL = 1000 pg Be: Dissolve 1.965 g 
BeS04*4H20 pO NOT DRY) in 50 mL reagent grade water. Add 1 mL 
conc. nitric acid. Dilute to 100 mL with reagent grade water. 

7.3.6 Bismuth solution, stock 1 mL = 1000 pg Bi: Dissolve 0.1115 g Bi203 in 
5 mL conc. nitric acid. Heat to effect solution. Cool and dilute to 100 mL 
with reagent grade water. 

7.3.7 Cadmium solution, stock 1 mL = 1000 pg Cd: Pickle cadmium metal in 
(1+9) nitric acid to .an exact weight of 0.100 g. Dissolve in 5 mL (1+1) 
nitric acid, heating to effect solution. Cool and dilute to 100 mL with 
reagent grade water. 

7.3.8 Chromium solution, stock 1 mL = 1000 pg Cr: Dissolve 0.1923 g Cr03 in 
a solution mixture of 10 mL reagent grade water and 1 mL conc. nitric 
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acid. Dilute to 100 mL with reagent grade water. 

7.3.9 Cobalt solution, stock 1 mL = 1000 pg Co: Pickle cobalt metal in (1+9) 
nitric acid to an exact weight of 0.100 g. Dissolve in 5 mL (1 + 1) nitric 
acid, heating to effect solution. Cool and dilute to 100 mL with reagent 
grade water. 

7.3.10 Copper solution, stock 1 mL = 1000 pg Cu: Pickle copper metal in (1+9) 
nitric acid to an exact weight of 0.100 g. Dissolve in 5 mL (1+1) nitric 
acid, heating to effect solution. Cool and dilute to 100 mL with reagent 
grade water. 

7.3.11 Gold solution, stock 1 mL = 1000 pg Au: Dissolve 0.100 g high purity 
(99.9999%) Au shot in 10 mL of hot conc. nitric acid by dropwise addition 
of 5 mL conc. HCl and then reflux to expel oxides of nitrogen and 
chlorine. Cool and dilute to 100 mL with reagent grade water. 

7.3.12 Indium solution, stock 1 mL = 1000 pg In: Pickle indium metal in (I+l) 
nitric acid to an exact weight of 0.100 g. Dissolve in 10 mL (1+1) nitric 
acid, heating to effect solution. Cool and dilute to 100 mL with reagent 
grade water. 

7.3.13 Lead solution, stock 1 mL = 1000 pg Pb: Dissolve 0.1599 g PbNOj in 5 mL 
(1+1) nitric acid. Dilute to 100 mL with reagent grade water. 

7.3.14 Magnesium solution, stock 1 mL = 1000 pg Mg: Dissolve 0.1658 g MgO 
in 10 mL (1 + 1) nitric acid, heating to effect solution. Cool and dilute to 
100 mL with reagent grade water. 

7.3.15 Manganese solution, stock 1 mL = 1000 pg Mn: Pickle manganese flake 
in (1+9) nitric acid to an exact weight of 0.100 g. Dissolve in 5 mL (1+1) 
nitric acid, heating to effect solution. Cool and dilute to 100 mL with 
reagent grade water. 

7.3.16 Mercury solution, stock. 1 mL = 1000 pg Hg: DO NOT DRY. CAUTION: 
highly toxic element. Dissolve 0.1354 g HgClz in reagent water. Add 

5.0 mL concentrated HNO3 and dilute to 100 mL with reagent water. 

7.3.17 Molybdenum solution, stock 1 mL = 1000 pg Mo: Dissolve 0.1500 g M0O3 
in a solution mixture of 10 mL reagent grade water and 1 mL conc. 
ammonium hydroxide., heating to effect solution. Cool and dilute to 
100 mL with reagent grade water. 

7.3.18 Nickel solution, stock 1 mL = 1000 pg Ni: Dissolve 0.100 g nickel powder 
in 5 mL conc. nitric acid, heating to effect solution. Cool and dilute to 
100 mL with reagent grade water. 

7.3.19 Scandium solution, stock 1 mL = 1000 pg Sc: Dissolve 0.1534 g SC2O3 in 
5 mL (I + l) nitric acid, heating to effect solution. Cool and dilute to 
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100 mL with reagent grade water. 

7.3.20 Selenium solution, stock 1 mL = 1000 pg Se; Dissolve 0.1405 g SeOj in 
20 mL ASTM Type I water. Dilute to 100 mL with reagent grade water. 

7.3.21 Silver solution, stock 1 mL = 1000 pg Ag: Dissolve 0.100 g silver metal in 
5 mL (1 + 1) nitric acid, heating to effect solution. Cool and dilute to 
100 mL with reagent grade water. Store in dark container. 

7.3.22 Terbium solution, stock 1 mL = 1000 pg Tb: Dissolve 0.1176 g Tb407 in 
5 mL conc. nitric acid, heating to effect solution. Cool and dilute to 
100 mL with reagent grade water. 

7.3.23 Thallium solution, stock 1 mL = 1000 pg Tl: Dissolve 0.1303 g TlNOj in 
a solution mixture of 10 mL reagent grade water and 1 mL conc. nitric 
acid. Dilute to 100 mL with reagent grade water. 

7.3.24 Thorium solution, stock 1 mL = 1000 pg Th: Dissolve 0.2380 g 
Th(N03)4*4H20 (DO NOT DRY) in 20 mL reagent grade water. Dilute to 
100 mL with reagent grade water. 

7.3.25 Uranium solution, stock 1 mL = 1000 pg U: Dissolve 0.2110 g 
U02(N03)2*6H20 (DO NOT DRY) in 20 mL reagent grade water and dilute 
to 100 mL with reagent grade water. 

7.3.26 Vanadium solution, stock 1 mL = 1000 pg V; Pickle vanadium metal in 
(1+9) nitric acid to an exact weight of 0.100 g. Dissolve in 5 mL (1 + 1) 
nitric acid, heating to effect solution. Cool and dilute to 100 mL with 
reagent grade water. 

7.3.27 Yttrium solution, stock 1 mL = 1000 pg Y: Dissolve 0.1270 g Y2O3 in 5 mL 
(1+1) nitric acid, heating, to effect solution. Cool and dilute to 100 mL 
with reagent grade water. 

7.3.28 Zinc solution, stock 1 mL = 1000 pg Zn: Pickle zinc metal in (1+9) nitric 
acid to an exact weight of 0.100 g. Dissolve in 5 mL (1+1) nitric acid, 
heating to effect solution. Cool and dilute to 100 mL with reagent grade 
water. 

7.4 Multielement Stock Standard Solutions - Care must be taken in the preparation 
of multielement stock standards that the elements are compatible and stable. 
Originating element stocks should be checked for the presence of impurities 
which might influence the accuracy of the standard. Freshly prepared standards 
should be transferred to acid cleaned, not previously used PEP fluorocarbon 
bottles for storage and monitored periodically for stability. The following 
combinations of elements are suggested: 
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Standard Solution A Standard Solution B 

Barium 
Silver 

Aluminum Mercury 
Antimony Molybdenum 
Arsenic Nickel 
Beryllium Selenium 
Cadmium Thallium 
Chromium Thorium 
Cobalt Uranium 
Copper Vanadium 
Lead Zinc 
Manganese 

Except for selenium and mercury, multielement stock standard solutions A and 
B (1 mL = 10 pg) may be prepared by diluting 1.0 mL of each single element 
stock standard in the combination list to 100 mL with reagent water containing 
1% (v/v) nitric acid. For mercury and selenium in solution A. aliquots of 0.05 mL 
and 5.0 mL of the respective stock standards should be diluted to the specified 
100 mL (1 ml = 0.5 pg Hg and 50 pg Se). Replace the multielement stock 
standards when succeeding dilutions for preparation of the calibration standards 
cannot be verified with the quality control sample. 

7.4.1 Preparation of calibration standards - fresh multielement calibration 
standards should be prepared every two weeks or as needed. Dilute each 
of the stock multielement standard solutions A and B to levels appropriate 
to the operating range of the instrument using reagent water containing 
196 (v/v) nitric acid. The element concentrations in the standards should 
be sufficiently high to produce good measurement precision and to 
accurately define the slope of the response curve. Depending on the 
sensitivity of the instrument, concentrations ranging from 10-200 pg/L are 
suggested except mercury, which should be limited to <5 pg/L. It should 
be noted the selenium concentration is always a factor of 5 greater than 
the other analytes. If the direct addition procedure is being used (Method 
A. Section 10.3), add internal standards (Section 7.5) to the calibration 
standards and store in PEP bottles. Calibration standards should be 
verified initially using a quality control sample (Section 7.8). 

7.5 Internal Standards Stock Solution - 1 mL = 100 pg. Dilute 10 mL of scandium, 
yttrium, indium, terbium and bismuth stock standards (Section 7.3) to 100 mL 
with reagent water, and store in a FEP bottle. Use this solution concentrate for 
addition to blanks, calibration standards and samples, or dilute by an appropriate 
amount using 1% (v/v) nitric acid, if the internal standards are being added by 
peristaltic pump (^'Iethod B, Section 10.3). 

Note; If mercury is to be determined by the "direct analysis" procedure, add an 
aliquot of the gold stock standard (Section 7.3.11) to the internal standard solution 
sufficient to provide a concentration of 100 pg/L in final the dilution of all blanks, 
calibration standards, and samples. 
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7.6 Blanks - Three types of blanks are required for this method. A calibration blank 
is used to establish the analytical calibration curve, the laboratory reagent blank 
is used to assess possible contamination from the sample preparation procedure 
and to assess spectral background and the rinse blank is used to flush the 
instrument between samples in order to reduce memory interferences. 

7.6.1 Calibration blank - Consists of 1% (v/v) nitric acid in reagent grade water. 
If the direct addition procedure (Method A. Section 10.3) is being used, 
add internal standards. 

7.6.2 Laboratory reagent blank (LRB) - Must contain all the reagents in the same 
volumes as used in processing the samples. The LRB must be carried 
through the same entire preparation scheme as the samples including 
digestion, when applicable. If the direct addition procedure (Method A, 
Section 10.3) is being used, add internal standards to the solution after 
preparation is complete. 

7.6.3 Rinse blank - Consists of 2% (v/v) nitric acid in reagent grade water. 

Note; If mercury is to be determiried by the "direct analysis" procedure, 
add gold (Section 7.3.11) to the rinse blank to a concentration of 100 pg/L. 

7.7 Tuning Solution - This solution is used for instrument tuning and mass calibration 
prior to analysis. The solution is prepared by mixing beryllium, magnesium, 
cobalt, indium and lead stock solutions (Section 7.3) in 1% (v/v) nitric acid to 
produce a concentration of 100 pg/L of each element. Internal standards are not 
added to this solution. (Depending on the sensitivity of the instrument, this 
solution may need to be diluted 10-fold.) 

7.8 Quality Control Sample (QCS) - The QCS should be obtained from a source 
outside the laboratory. The concentration of the QCS solution analyzed will 
depend on the sensitivity of the instrument. To prepare the QCS dilute an 
appropriate aliquot of analytes to a concentration <100 pg/L in 1% (v/v) nitric 
acid. Because of lower sensitivity, selenium may be diluted to a concentration of 
<500 pg/L, however, in all cases, mercury should be limited to a concentration 
of <5 pg/L. If the direct addition procedure (Method A. Section 10.3) is being 
used, add internal standards after dilution, mix and store in a FEP bottle. The 
QCS should be analyzed as needed to meet data-quality needs and a fresh 
solution should be prepared quarterly or more frequently as needed. 

7.9 Laboratory Fortified Blank (LFB) - To an aliquot of LRB, add aliquots from 
multielement stock standards A. and B (Section 7.4) to prepared the LFB. 
Depending on the sensitivity of the instrument, the fortified concentration used 
should range from 40-100 pg/L for each analyte, except selenium and mercury. 
For selenium the concentration should range from 200-500 pg/L, while the 
concentration range mercury should be limited to 2-5 pg/L. The LFB must be 
carried through the same entire preparation scheme as the samples including 
sample digestion, when applicable. If the direct addition procedure (Method A, 
Section 10.3) is being used, add internal standards to this solution after 
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preparation has been completed. 

8.0 SAMPLE COLLECTION. PRESERVATION. AND STORAGF 

8.1 Prior to the collection of an aqueous sample, consideration should be given to the 
type of data required, (i.e.. dissolved or total recoverable), so that appropriate 
preservation and pretreatment steps can be taken. The pH of all aqueous samples 
must be tested immediately prior to aliquoting for processing or "direct analysis" 
to ensure the sample has been properly preserved. If properly acid preserved, the 
sample can be held up to 6 months before analysis. 

8.2 For the determination of dissolved elements, the.sample must be Filtered through 
a 0.45 pm pore diameter membrane filter at the time of collection or as soon 
thereafter as practically possible. Use a portion of the sample to rinse the filter 
flask, discard this portion and collect the required volume of filtrate. Acidify the 
filtrate with (1+1) nitric acid Immediately following filtration to pH <2. 

8.3 For the determination of total recoverable elements In aqueous samples, samples 
are not filtered, but acidified vvith (1+1) nitric acid to pH <2 (normally. 3 mL of 
(1+1) acid per liter of sample is sufficient for most ambient and drinking water 
samples). Preservation may be done at the time of collection, however, to avoid 
the hazards of strong acids In the field, transport restrictions, and possible 
contamination it Is recommended that the samples be returned to the laboratory 
within two weeks of collection and acid preserved upon receipt in the laboratory. 
Following acidification, the sample should be mixed, held for 16 hours, and then 
verified to be pH <2 just prior withdrawing an aliquot for processing or "direct 
analysis". If for some reason such as high alkalinity the sample pH Is verified to 
be >2, more acid must be added and the sample held for 16 hours until verified 
to be pH <2. See Section 8.1. 

Note; When the nature of the sample is either unknown or known to be 
hazardous, acidification should be done in a fume hood. See Section 5.2. 

8.4 Solid samples require no preservation prior to analysis other than storage at 4°C. 
There Is no established holding time limitation for solid samples. 

8.5 For aqueous samples; a field blank should be prepared and analyzed as required 
by the data user. Use the same container and acid as used in sample collection. 

9.0 QUALITY CONTROL 

9.1 Each laboratory using this method is required to operate a formal quality control 
(QC) program. The minimum requirements of this program consist of an Initial 
demonstration of laboratory capability, and the periodic analysis of laboratory 
reagent blanks, fortified blanks and calibration solutions as a continuing check on 
performance. The laboratory is required to maintain performance records that 
define the quality of the data thus generated. 

9.2 Initial Demonstration of Performance (mandatory) 
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9.2.1 The initial demonstration of performance is used to characterize 
instrument performance (determination of linear calibration ranges and 
analysis of quality control samples) and laboratory performance 
(determination of method detection limits) prior to analyses conducted by 
this method. 

9.2.2 Linear calibration ranges - Linear calibration ranges are primarily detector 
limited. The upper limit of the linear calibration range should be 
established for each analyte by determining the signal responses from a 
minimum of three different concentration standards, one of which is close 
to the upper limit of the linear range. Care should be taken to avoid 
potential damage to the detector during this process. The linear 
calibration range which may be used for the analysis of samples should 
be judged by the analyst from the resulting data. The upper LDR limit 
should be an observed signal no more than 10% below the level 
e.xtrapolated from lower standards. Determined sample analyte 
concentrations that are greater than 90% of the determined upper LDR 
limit must be diluted and reanalyzed. The LDRs should be verified 
whenever, in the judgement of the analyst, a change in analytical 
performance caused by either a change in instrument hardware or 
operating conditions would dictate they be redetermined. 

9.2.3 Quality control sample (QCS) - When beginning the use of this method, 
on a quarterly basis or as required to meet data-quality needs, verify the 
calibration standards and acceptable instrument performance with the 
preparation, and analyses of a QCS (Section 7.8). To verify the calibration 
standards the determined mean concentration from three analyses of the 
QCS must be within ±10% of the stated QCS value. If the QCS is used for 
determining acceptable on-going instrument performance, analysis of the 
QCS prepared to a concentration of 100 pg/L must be within ±10% of the 
stated vdue or within the acceptance limits listed in Table 8. whichever 
is the greater, flf the QCS is not within the required limits, an immediate 
second analysis of the QCS is recommended to confirm unacceptable 
performance.) If the calibration standards and/or acceptable instrument 
performance cannot be verified, the source of the problem must be 
identified and corrected before either proceeding on with the initial 
determination of method detection limits or continuing with on-going 
analyses. 

9.2.4 Method detection limits (MDL) should be established for all analytes, 
using reagent water (blank) fortified at a concentration of two to five times 
the estimated detection limit.' To determine MDL values, take seven 
replicate aliquots of the fortified reagent water and process through the 
entire analyticeil method. Perform all calculations defined in the method 
and report the concentration values in the appropriate units. Calculate the 
MDL as follows: . 

MDL = (t) X (S) 
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where: 
t = Student's t value for a 99%. confidence level and a standard 

deviation estimate with n-1 degrees of freedom (c = 3.14 for 
seven replicates] 

S = standard deviation of the replicate analyses 

Note; If additional confirmation is desired, reanalyze the seven replicate 
aliquots on two more nonconsecutive days and again calculate the MDL 
values for each day. An average of the three MDL values for each analyte 

, may provide for a more appropriate MDL estimate. If the relative 
standard deviation (RSD) from the analyses of the seven aliquots is <10%. 
the concentration used to determine the" analyte MDL may have been 
inappropriately high for the determination. If so, this could result in the 
calculation of an unrealistically low MDL. Concurrently, determination 
of MDL in reagent water represents a best case situation and does not 
reflect possible matrix effects of real world samples. However, successful 
analyses of LFMs (Section 9.4) can give confidence to the MDL value 
determined in reagent water. Typical single laboratory MDL values using 
this method are given in Table 7. 

The MDLs must be sufficient to detect analytes at the required levels 
according to compliance monitoring regulation (Section 1.2). MDLs 
should be determined annually, when a new operator begins work or 
whenever, in the judgement of the analyst, a change in analytical 
performance caused by either a change in instrument hardware or 
operating conditions would dictate they be redetermined. 

9.3 Assessing Laboratory Performance (mandatory) 

9.3.1 Laboratory reagent blank (LRB) - The laboratory must analyze at least one 
LRB (Section 7.6.2) with each batch of 20 or fewer of samples of the same 
matrix. LRB data are used to assess contamination from the laboratory 
environment and to characterize spectral background from the reagents 
used in sample processing. LRB values that exceed the MDL indicate 
laboratory or reagent contamination should be suspected. When LRB 
values constitute 10% or more of the analyte level determined for a sample 
or is 2.2 times the analyte MDL whichever is greater, fresh aliquots of the 
samples must be prepared and analyzed again for the affected analytes 
after the source of contamination has been corrected and acceptable LRB 
values have been obtained. 

9.3.2 Laboratory fortified blank (LFB) - The laboratory must analyze at least one 
LFB (Section 7.9) with each batch of samples. Calculate accuracy as 
percent recovery using the following equation: 

R . LFB - LRB ^ 
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where: 
R = percent recovery 
LFB = laboratory fortiHed blank 
LRB = laboratory reagent blank 
s = concentration equivalent of analyte added to fortify the 

LBR solution 

If the recovery of any analyte falls outside the required control limits of 
85-115%. that analyte is judged out of control, and the source of the 
problem should be identified and resolved before continuing analyses. 

9.3.3 The laboratory must use LFB analyses data to assess laboratory 
performance against the required control limits of 85-115% (Section 9.3.2). 
When sufficient internal performance data become available (usually a 
minimum of 20-30 analyses), optional control limits can be developed from 
the mean percent recovery (x) and the standard deviation (S) of the mean 
percent recovery. These data can be used to establish the upper and lower 
control limits as follows: 

UPPER CONTROL LIMIT = x -t- 35 
LOWER CONTROL LIMIT = x - 35 

The optional control limits must be equal to or better than the required 
control limits of 85-115%. After each five to ten new recovery 
measurements, new control limits can be calculated using only the most 
recent 20-30 data points. Also, the standard deviation (5) data should be 
used to establish an on-going precision statement for the level of 
concentrations included in the LFB. These data must be kept on file and 
be available for review. 

9.3.4 Instrument performance - For all determinations the laboratory must check 
instrument performance and verify that the instrument is properly 
calibrated on a continuing basis. To verify calibration run the calibration 
blank and calibration standards as surrogate samples immediately 
following each calibration routine, after every ten analyses and at the end 
of the sample run. . The results of the analyses of the standards will 
indicate whether the calibration remains valid. The analysis of all analytes 
within the standard solutions must be within ±10% of calibration. If the 
calibration cannot be verified within the specified limits, the instrument 
must be recalibrated. (The instrument responses from the calibration 
check may be used for recalibration purposes, however, it must be verified 
before continuing sample analysis.) If the continuing calibration check is 
not confirmed within ±15%. the previous 10 samples must be reanalyzed 
after recalibration. If the sample matrix is responsible for the calibration 
drift, it is recommended that the previous 10 samples are reanalyzed in 
groups of five between calibration checks to prevent a similar drift 
situation from occurring. 

9.4 Assessing Analyte Recovery and Data Quality 
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9.4.1 Sample homogeneity and the chemical, nature of the sample matrix can 
affect analyte recovery and the quality of the data. Taking separate 
aliquots from the sample for replicate and fortified analyses can in some 
cases assess the effect. Unless otherwise specified by the data user, 
laboratory or program, the following laboratory fortified matrix (LFM) 
procedure (Section 9.4.2) is required. 

9.4.2. The laboratory must add a known amount of analyte to a minimum of 
10% of the routine samples. In each case the LFM aliquot must be a 

. duplicate of the aliquot used for sample analysis and for total recoverable 
determinations added prior to s^ple preparation. For water samples, the 
added analyte concentration must be the same as that used in the 
laboratory fortified blank (Section 7.9). For solid samples, the 
concentration added should be 100 mg/kg equivalent (200 pg/L in the 
analysis solution) except silver which should be limited to 50 mg/kg 
(Section 1.8). Over time, samples from all routine sample sources should 
be fortified. 

9.4.3 Calculate the percent recovery for each analyte. corrected for background 
concentrations measured in the unfortified sample, and compare these 
values to the designated LFM recovery range of 70-130%. Recovery 
calculations are not required if the concentration of the analyte added is 
less than 30% of the sample background concentration. Percent recovery 
may be calculated in units appropriate to the matrix, using the following 
equation: 

C - C 
R = X 100 

where: 
R = percent recovery 
Cj = fortified sample concentration 
C = sample background concentration 
s = concentration equivalent of analyte added to fortify the 

sample 

9.4.4 If recovery of any analyte falls outside the designated range and 
laboratory performance for that analyte is shown to be in control 
(Section 9.3), the recovery problem encountered with the fortified sample 
is judged to be matrix related, not system related. The data user should 
be informed that the result for that analyte in the unfortified sample is 
suspect due to either the heterogeneous nature of the sample or an 
uncorrected matrix effect. 

9.4.5 Internal standards responses - The analyst is expected to monitor the 
responses from the internal standards throughout the sample set being 
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analyzed. Ratios of the internal standards responses against each other 
should also be monitored routinely. This information may be used to 
detect potential problems caused by mass dependent drift, errors incurred 
in adding the internal standards or increases in the concentrations of 
individual internal standards caused by background contributions from 
the sample. The absolute response of any one internal standard must not 
deviate more than 60-125% of the original response in the calibration 
blank. If deviations greater than these are observed, flush the instrument 
with the rinse blank and monitor the responses in the calibration blank. 
If the responses of the internal standards are now within the limit, take a 
fresh aliquot of the sample, dilute by a further factor of two. add the 
internal standards and reanalyze. If after flushing the response of the 
internal standards in the calibration blank are out of limits, terminate the 
analysis and determine the cause of the drift. Possible causes of drift may 
be a partially blocked sampling cone or a change in the tuning condition 
of the instrument. 

10.0 CALIBRATION AND STANDARDIZATION 

10.1 Operating conditions - Because of the diversity of instrument hardware, no 
detailed instrument operating conditions are provided. The analyst is advised to 
follow the recommended operating conditions provided by the manufacturer. It 
is the responsibility of the analyst to verify that the instrument configuration and 
operating conditions satisfy the analytical requirements and to maintain quality 
control data verifying instrument performance and analytical results. Instrument 
operating conditions which were used to. generate precision eind recovery data for 
this method (Section 13.0) are included in Table 6. 

10.2 Precalibration routine - The following precalibration routine must be completed 
prior to calibrating the instrument until such time it can be documented with 
periodic performance data that the instrument meets the criteria listed below 
without daily tuning. 

10.2.1 Initiate proper operating configuration of instrument and data system. 
Allow a period of not less than 30 minutes for the instrument to warm up. 
During this process conduct mass calibration and resolution checks using 
the tuning solution. Resolution at low mass is indicated by magnesium 
isotopes 24. 25. and 26. Resolution at high mass is indicated by lead 
isotopes 206. 207. and 208. For good performance adjust spectrometer 
resolution to produce a peak width of approximately 0.75 amu at 5% peak 
height. Adjust mass c^ibration if it has shifted by more than 0.1 amu 
from unit mass. 

10.2.2 Instrument stability must be demonstrated by rurming the tuning solution 
(Section 7.7) a minimum of five times with resulting relative standard 
deviations of absolute signals for all analytes of less than 5%. 

10.3 Internal Standardization - Internal standardization must be used in all analyses 
to correct for instrument drift and physical interferences. A list of acceptable 
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internal standards is provided in Table 3. For full mass range scans, a minimum 
of three internal standards must be used. Procedures described in this method 
for general application, detail the use of five internal standards; scandium, 
yttrium, indium, terbium and bismuth. These were used to generate the precision 
and recovery data attached to this method. Internal standards must be present 
in all samples, .standards and blanks at identical levels. This may be achieved by 
directly adding an aliquot of the internal standards to the CAL standard, blank 
or sample solution (Method A. Section 10.3). or alternatively by mixing with the 
solution prior to nebulization using a second channel of the peristaltic pump and 
a mixing coil (Method B. Section 10.3). The concentration of the internal standard 
should be sufficiently high that good precision is obtained in the measurement 
of the isotope used for data correction and to minimize the possibility of 
correction errors if the internal standard is naturally present in the sample. 
Depending on the sensitivity of the instrument, a concentration range of 20-200 
pg/L of each internal standard is recommended. Internal standards should be 
added to blanks, samples and standards in a like manner, so that dilution effects 
resulting from the addition may be disregarded. 

10.4 Calibration - Prior to Initial calibration, set up proper instrument software 
routines for quantitative analysis. The instrument must be calibrated using one 
of the internal standard routines (Method A or B) described in Section 10.3. The 
instrument must be calibrated for the anaJytes to be determined using the 
calibration blank (Section 7.6.1) and calibration standards A and B (Section 7.4.1) 
prepared at one or more concentration levels. A minimum of three replicate 
integrations are required for data acquisition. Use the average of the integrations 
for instrument calibration and data reporting. 

10.5 The rinse blank should be used to flush the system between solution changes for 
blanks, standards and samples. Allow sufficient rinse time to remove traces of 
the previous sample (Section 4.1.5). Solutions should be aspirated for 30 seconds 
prior to the acquisition of data to allow equilibrium to be established. 

11.0 PROCEDURE 

11.1 Aqueous Sample Preparation - Dissolved Analytes 

11.1.1 For the determination of dissolved analytes in ground and surface waters, 
pipet an aliquot (>20 mL) of the filtered, acid preserved sample into a 
50 mL polypropylene centrifuge tube. Add an appropriate volume of 
(1-f-l) nitric acid to adjust the acid concentration of the aliquot to 
approximate a 1% (v/v) nitric acid solution (e.g., add 0.4 mL (1-t-l) HNO3 
to a 20 mL aliquot of sample). If the direct addition procedure 
(Method A, Section 10.3) is being used, add internal standards, cap the 
tube and mix. The sample is now ready for analysis (Section 1.2). 
Allowance for sample dilution should be made in the calculations. 

Note: If a precipitate is formed during acidification, transport, or storage, 
the sample aliquot must be treated using the procedure in Section 11.2 
prior to analysis. 
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11.2 Aqueous Sample Preparation - Total Recoverable Analytes 

11.2.1 For the direct analysis" of total recoverable analytes in drinking water 
samples containing turbidity <1 NTU. treat an unfiltered acid preserved 
sample aliquot using the sample preparation procedure described in 
Section 11.1.1 while making allowance for sample dilution in the data 
calculation. For the determination of total recoverable analytes in all other 
aqueous samples or for preconcentrating drinking water samples prior to 
analysis follow the procedure given in Sections 11.2.2 through 11.2.8. 

11.2.2 For the determination of total recoverable analytes in aqueous samples 
(other than drinking water with <1 NTU turbidity), transfer a 100 mL 
(±1 mL) aliquot from a well mixed, acid preserved sample to a 250 mL 
Griffin beaker (Sections 1.2, 1.3, 1.7, and 1.8). (When necessary, smaller 
sample aliquot volumes may be used.) 

Note: If the sample contains undissolved solids >1%, a well mixed, acid 
preserved aliquot containing no more than 1 g particulate material should 
be cautiously evaporated to near 10 mL and extracted using the acid-
mixture procedure described in Sections 11.3.3 through 11.3.7. 

11.2.3 Add 2 mL (l-i-l) nitric acid and 1.0 mL of (1 + 1) hydrochloric acid to the 
beaker containing the measured volume of sample. Place the beaker on 
the hot plate for solution evaporation. The hot plate should be located in 
a fume hood and previously adjusted to provide evaporation at a 
temperature of approximately but no higher than 85 "C. (See the following 
note.) The beaker should be covered with an elevated watch glass or 
other necessary steps should be taken to prevent sample contamination 
from the fume hood environment. 

Note: For proper heating adjust the temperature control of the hot plate 
such that an uncovered Griffin beaker containing 50 mL of water placed 
in the center of the hot plate can be maintained at a temperature 
approximately but no higher than 85''C. (Once the beaker is covered with 
a watch glass the temperature of the water will rise to approximately 
95°C.) 

11.2.4 Reduce the volume of the sample aliquot to about 20 mL by gentle heating 
at 85°C. DO NOT BOIL. This step takes about two hours for a 100 mL 
aliquot with the rate of evaporation rapidly increasing as the sample 
volume approaches 20 mL. (A spare beaker containing 20 mL of water 
can be used as a gauge.) 

11.2.5 Gover the lip of the beaker with a watch glass to reduce additional 
evaporation and gently reflux the sample for 30 minutes. (Slight boiling 
may occur, but vigorous boiling must be avoided to prevent loss of the 
HCI-H2O azeotrope.) 

11.2.6 Allow the beaker to cool. Quantitatively transfer the sample solution to 
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a 50 mL volumetric flask or 50 mL class A stoppered graduated cylinder, 
make to volume with reagent water, stopper and mix. 

11.2.7 Allow any undissolved material to settle-overnight, or centrifuge a portion 
of the prepared sample until clear. (If after centrifuging or standing 
overnight the sample contains suspended solids that would clog the 
nebulizer, a portion of the sample may be filtered for their removal prior 
to analysis. However, care should be exercised to avoid potential 
contamination from filtration.) 

11.2.8 Prior to analysis, adjust the chloride concentration by pipetting 20 mL of 
the prepared solution into a 50 mL volumetric flask, dilute to volume with 
reagent water and mix. (If the dissolved solids in this solution are >0.2%, 
additional dilution may be required to prevent clogging of the extraction 
and/or skimmer cones. If the direct addition procedure (Method A, 
Section 10.3) is being used, add internal standards and mix. The sample 
is now ready for analysis. Because the effects of various matrices on the 
stability of diluted samples cannot be characterized, all analyses should be 
performed as soon as possible after the completed preparation. 

11.3 Solid Sample Preparation - Total Recoverable Analytes 

11.3.1 For the determination of total recoverable analytes in solid samples, mix 
the sample thoroughly and transfer a portion (>20 g) to tared weighing 
dish, weigh the sample and record the wet weight (\VW). (For samples 
with <35% moisture a 20 g portion is sufficient. For samples with 
moisture >35% a larger aliquot 50-100 g is required.) Dry the sample to 
a constant weight at SO'C and record the diy weight (DW) for calculation 
of percent solids (Section 12.6). (The sample is dried at 60°C to prevent 
the loss of mercury and other possible volatile metallic compounds, to 
facilitate sieving, and to ready the sample for grinding.) 

11.3.2 To achieve homogeneity, sieve the dried sample using a 5-mesh 
polypropylene sieve and grind in a mortar and pestle. (The sieve, mortar 
and pestle should be cleaned between samples.) From the dried, ground 
material weigh accurately a representative 1.0 + 0.01 g aliquot (VV) of the 
sample and transfer to a 250 mL Phillips beaker for acid extraction. 

11.3.3 To the beaker add 4 mL of (1-t-l) HNO3 and 10 mL of (l-i-4) HCl. Cover 
the lip of the beaker with a watch glass. Place the beaker on a hot plate 
for reflux extraction of the analytes. The hot plate should be located in a 
fume hood and previously adjusted to provide a reflux temperature of 
approximately 95 °C. (See the following note.) 

Note: For proper heating adjust the temperature control of the hot plate 
such that an uncovered Griffin beaker containing 50 mL of water placed 
in the center of the hot plate can be maintained at a temperature 
approximately but no higher than 85°C. (Once the beaker is covered with 
a watch glass the temperature of the water will rise to approximately 
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95°C.) Also, a block digester capable of maintaining a temperature of 
95°C and equipped with 250 mL constricted volumetric digestion tubes 
may be substituted for the hot plate and conical beakers in the extraction 
step. 

11.3.4 Heat the sample and gently reflux for 30 minutes. Very slight boiling may 
occur, however vigorous boiling must be avoided to prevent loss of the 
HCI-H2O azeotrope. Some solution evaporation will occur (3-4 ml). 

11.3.5 Allow the sample to cool and quantitatively transfer the extract to a 
100 mL volumetric flask. Dilute to volume with reagent water, stopper 
and mix. 

11.3.6 Allow the sample extract solution to stand overnight to separate insoluble 
material or centrifuge a portion of the sample solution until clear. (If after 
centrifuging or standing overnight the extract solution contains suspended 
solids that would clog the nebulizer, a portion of the extract solution may 
be filtered for their removal prior to analysis. However, care should be 
exercised to avoid potential contamination from filtration.) 

11.3.7 Prior to analysis, adjust the chloride concentration by pipetting 20 mL of 
the prepared solution into a 100 mL volumetric flask, dilute to volume 
with reagent water and mix. (If the dissolved solids in this solution are 
>0.2%. additional dilution may be required to prevent clogging of the 
extraction and/or skimmer cones. If the direct addition procedure 
(Method A, Section 10.3) is being used, add internal standards and mix. 
The sample extract is now ready for analysis. Because the effects of 
various matrices on the stability of diluted samples cannot be 
characterized, all analyses should be performed as soon as possible after 
the completed preparation. 

Note: Determine the percent solids in the sample for use in calculations 
and for reporting data on a dry weight basis. 

11.4 Sample Analysis 

11.4.1 For every new or unusual matrix, it is highly recommended that a semi
quantitative analysis be carried out to screen the sample for elements at 
high concentration. Information gained from this may be used to prevent 
potential damage to the detector during sample analysis and to identify 
elements which may be higher than the linear range. Matrix screening 
may be carried out by using intelligent software, if available, or by 
diluting the sample by a factor of 500 and analyzing in a semi-quantitative 
mode. The sample should also be screened for background levels of all 
elements chosen for use as internal standards in order to prevent bias in 
the calculation of the analytical data. 

11.4.2 Initiate instrument operating configuration. Tune and calibrate the 
instrument for the analytes of interest (Section 10.0). 
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11.4.3 Establish instrument software run procedures for quantitative analysis. 
For all sample analyses, a minimum of three replicate integrations are 
required for data acquisition. Use the average of the integrations for data 
reporting. 

11.4.4 All masses which,might affect data quality must be monitored during the 
analytical run. As a minimum, those masses prescribed in Table 4 must 
be monitored in the same scan as is used for the collection of the data. 
This information should be used to correct the data for identified 
interferences. 

11.4.5 During the analysis of samples, the laboratory must comply with the 
required quality control described in Sections 9.3 and 9.4. Only for the 
determination of dissolved analytes or the "direct analysis" of drinking 
water with turbidity of <1 NTU is the sample digestion step of the LRB. 
LFB, and LFM not required. 

11.4.6 The rinse blank should be used to flush the system between samples. 
Allow sufficient time to remove traces of the previous sample or a 
minimum of one minute (Section 4.1.5). Samples should be aspirated for 
30 seconds prior to the collection of data. 

11.4.7 Samples having concentrations higher than the established linear dynamic 
range should be diluted into range and reanalyzed. The sample should 
first be analyzed for the trace elements in the sample, protecting the 
detector from the high concentration elements, if necessary, by the 
selection of appropriate scanning windows. The sample should then be 
diluted for the determination of the remaining elements. Alternatively, 
the dynamic range may be adjusted by selecting an alternative isotope of 
lower natural abundance, provided quality control data for that isotope 
have been established. The dynamic range must not be adjusted by 
altering instrument conditions to an uncharacterized state. 

12.0 DATA ANALYSIS AND CALCULATIONS 

12.1 Elemental equations recommended for sample data calculations are listed in Table 
5. Sample data should be reported in units of pg/L for aqueous samples or 
mg/kg dry weight for solid samples. Do not report element concentrations below 
the determined MDL. 

12.2 For data values less than 10. two significant figures should be used for reporting 
element concentrations. For data values greater than or equal to 10. three 
significant figures should be used. 

12.3 For aqueous samples prepared by total recoverable procedure (Section 11.2), 
multiply solution concentrations by the dilution factor 1.25. If additional dilutions 
were made to any samples or an aqueous sample was prepared using the acid-
mixture procedure described in Section 11.3. the appropriate factor should be 
applied to the calculated sample concentrations. 
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12.4 For total recoverable analytes in solid samples (Section 11.3). round the solution 

calculate the rag/L analyte concentration in the 100 mL extract solution. (If 
additional dilutions were made to any samples, the appropriate factor should be 
applied to calculate analyte concentrations in the extract solution.) Report the 
data up to three significant figures as mg/kg dry-weight basis unless specified 
otherwise by the program or data user. Calculate the concentration using the 
equation below; 

Sample Cone, (mg/kg) _ C x V 
diy-weight basis ^ 

where: 
C = Concentration in the extract (mg/L) 
V = Volume of extract (L. 100 mL = O.IL) 
W = Weight of sample aliquot extracted (g x 0.001 = kg) 

Do not report analyte data below the estimated solids MDL or an adjusted MDL 
because of additional dilutions required to complete the analysis. 

12.5 To report percent solids in solid samples (Sect. 11.3) calculate as follows: 

% solids (S) = X lUU 
WW 

where: 
DW = Sample weight (g) dried at 60°C 
WW = Sample weight (g) before drying 

Note: If the data user, program or laboratory requires that the reported percent 
solids, be determined by drying at 105°C, repeat the procedure given in 
Section 11.3 using a separate portion (>20 g) of the sample and dry to constant 
weight at 103-105°C. 

12.6 Data values should be corrected for instrument drift or sample matrix induced 
interferences by the application of internal standardization. Corrections for 
characterized spectral interferences should be applied to the data. Chloride 
interference corrections should be made on aU samples, regardless of the addition 
of hydrochloric acid, as the chloride ion is a common constituent of 
environmental samples. 

12.7 If an element has more than one monitored isotope, examination of the 
concentration calculated for each isotope, or the isotope ratios, will provide useful 
information for the analyst in detecting a possible spectral interference. 
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Consideration should therefore be given to both primary and secondary isotopes 
in the evaluation of the element concentration. In some cases, secondary isotopes 
may be less sensitive or more prone to interferences than the primary 
recommended isotopes, therefore differences between the results do not 
necessarily indicate a problem with data calculated for the primary isotopes. 

12.8 The QC data obtained during the analyses provide an indication of the quality of 
the sample data and should be provided with the sample results. 

13.0 METHOD PERFORMANCE 

13.1 Instrument operating conditions used for single laboratory testing of the method 
are summarized in Table 6. Total recoverable digestion and "direct analysis" 
MDLs determined using the procedure described in Section 9.2.4, are listed in 
Table 7. 

13.2 Data obtained-from single laboratory, testing of the method are summarized in 
Table 9 for five water samples representing drinking water, surface water, ground
water and waste effluent. Samples were prepared using the procedure described 
in Section 11,2. For each matrLx, five replicates were analyzed and the average 
of the replicates used for determining the sample background concentration for 
each element. Two further pairs of duplicates were fortified. at different 
concentration levels. For each method element, the sample background 
concentration, mean percent recovery, the standard deviation of the percent 
recovery and the relative percent difference between the duplicate fortified 
samples are listed in Table 8. 

13.3 Data obtained from single laboratory testing of the method are summarized in 
Table 10 for three solid samples consisting of SRM 1645 River Sediment, EPA 
Hazardous Soil and EPA Electroplating Sludge. Samples were prepared using the 
procedure described in Section 11.3. For each method element, the sample 
background concentration, mean percent recovery, the standard deviation of the 
percent recovery and the relative percent difference between the duplicate 
fortified samples were determined as for Section 13.2, 

13.4 Data obtained from single laboratory testing of the method for drinking water 
analysis using the "direct analysis" procedure (Section 11.2.1) are given in 
Table 11. Three drinking water samples of varying hardness collected from 

For each matrix, four replicate aliquots were analyzed to determine the sample 
background concentration of each analyte and four fortified aliquots were 
analyzed to determine mean percent recovery in each matrix. Listed in the 
Table 11 are the average mean percent recovery of each analyte in the three 
matrices and the standard deviation of the mean percent recoveries. 

13.5 Listed in Table 12 are the regression equations for precision and bias developed 
from the joint USEPA/Association of Official Analytical Chemists (AGAC) 
multilaboratory validation study conducted on this method. These equations 

200.8-29 



were developed from data received from 13 laboratories on reagent water, 
drinking water and ground water. Listed in Tables 13 and 14, respectively, are 
the precision and recovery data from a wastewater digestate supplied to all 
laboratories and from a wastewater of the participant's choice. For a complete 
review of the study see Reference 11. Section 16.0 of this method. 

14.0 POLLUTION PREVENTION 

14.1 Pollution prevention encompasses any technique that reduces or eliminates the 
quantity or toxicity of waste at the point of generation. Numerous opportunities 
for pollution prevention exist in laboratory operation. The EPA has established 
a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice. Whenever 
feasible, laboratory personnel should use pollution prevention techniques to 
address their waste generation. When wastes cannot be feasibly reduced at the 
source, the Agency recommends recycling as the next best option. 

14.2 For information about pollution prevention that may be applicable to laboratories 
and research institutions, consult "Less is Better: Laboratory Chemical 
Management for Waste Reduction", available from the American Chemical 
Society's Department of Government Relations and Science Policy. 1155 16th 
Street N.W.. Washington D.C. 20036. (202)872-4477. 

15.0 WASTE MANAGEMENT 

15.1 The Environmental Protection Agency requires that laboratory waste management 
practices be conducted consistent with all applicable rules and regulations. The 
Agency urges laboratories to protect the air. water, and land by minimizing and 
controlling all releases from hoods and bench operations, complying with the 
letter and spirit of any sewer discharge permits and regulations, and by 
complying with all solid and hazardous waste regulations, particularly the 
hazardous waste identification rules and land disposal restrictions. For further 
information on waste management consult "The Waste Management Manual for 
Laboratory Personnel", available from the American Chemical Society at the 
address listed in the Section 14.2. 

16.0 REFERENCES 

1. Gray. A.L. and A. R. Date. Inductively Coupled Plasma Source Mass 
Spectrometry Using Continuum Flow Ion Extraction. Analyst 108 1033-1050. 1983. 

2. Houk. R.S. et al. Inductively Coupled Argon Plasma as an Ion Source for Mass 
Spectrometric Determination of Trace Elements. Anal Chem. ^ 2283-2289. 1980. 

3. Houk. R.S. Mass Spectrometry of Inductively Coupled Plasmas. Anal. Chem. ^ 
97A-105A. 1986. 

4. Thompson. J.J. and R. S. Houk. A Study of Internal Standardization in 
Inductively Coupled Plasma-Mass Spectrometry. Appl. Spec. 41 801-806. 1987. 

200.8-30 



5. Carcinogens - Working With Carcinogens. Department of Health, Education, and 
Welfare. Public Health Service. Center for Disease Control. National Institute for 
Occupational Safety and Health. Publication No. 77-206. Aug. 1977. Available 
from the National Technical Information Service (NTIS) as PB-277256. 

6. OSHA Safety and Health Standards. General Industry, (29 CFR 1910). 
Occupational Safety and Health Administration. OSHA 2206. (Revised, 
January 1976). 

7. Safety in Academic Chemistry Laboratories. American Chemical Society 
Publication. Committee on Chemical Safety, 3rd Edition. 1979. 

8. Proposed OSHA Safety and Health Standards. Laboratories. Occupational Safety 
and Health Administration. Federal Register. July 24. 1986. 

9. American Society for Testing and Materials. Standard Specification for Reagent 
Water. Dl 193-77. Annual Book of ASTM Standards. Vol. 11.01. Philadelphia. PA. 
1991. 

10. Code of Federal Regulations 40. Ch. 1. Pt. 136 Appendix B. 

11. Longbottom. J.E. et. al. Determination of Trace Elements in Water by Inductively 
Coupled Plasma-Mass Spectrometry; Collaborative Study. Journal of AOAC 
International 77 1004-1023. 1994. 

12. Hinners, T.A. Interferences in ICP-MS by Bromine Species. Winter Conference 
on Plasma Spectrochemistry. San Diego, CA. January, 10-15, 1994. 

200.8-31 




